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A B S T R A C T
T h is  t h e s i s  i n v e s t i g a t e s  bo th  the  occu r rence  o f  p e n t a c y c l i c  t r i t e r p e n e  
hydrocarbons  i n  the  Green R iv e r  sha le  and p e r t i n e n t  a n a l y t i c a l  t o p i c s .
The i n t r o d u c t i o n  g i v e s  a conc ise  summary o f  the scope,  i m p l i c a t i o n s  and 
l i m i t a t i o n s  o f  o r g a n i c  g eo che m is t ry .  The b io g e n e s i s ,  b i o l o g i c a l  occur rence  
and known o r g a n i c  geochemist ry ,  o f  t r i t e r p e n e  hydrocarbons are a l s o  rev iewed .
The d i s c u s s i o n  d e s c r i b e s  the  c o l l e c t i o n  and c h a r a c t e r i s a t i o n  o f  
s ta n d a rd  t r i t e r p e n e  hydroca rbons  necessary as an a n a l y t i c a l  a i d ,  i n c l u d i n g  
an i n v e s t i g a t i o n  i n t o  the  use o f  o s m y la t io n  as a method f o r  d e t e c t i n g  un­
s a t u r a t i o n  i n  a t r i t e r p e n e .  The development  o f  a m i c r o - s u b l i m a t i o n  b lo c k  as 
a f u r t h e r  a s s i s t a n c e  i n  the  accu ra te  c h a r a c t e r i s a t i o n  o f  t r i t e r p e n e s  i s  a l s o  
d e s c r i b e d .  The d i s t r i b u t i o n  o f  n a t u r a l l y  o c c u r r i n g  p e n t a c y c l i c  t r i t e r p e n o i d s  
i s  p resen ted  bo th  i n  t a b u l a r  and t e x t  form i n  an a t te m p t  to  c l a r i f y  p o s s ib le  
chemotaxonomic r e l a t i o n s h i p s  o f  t r i t e r p e n e  hydrocarbons i s o l a t e d  from g e o l o g i c ­
a l  env i ro n m e n ts .  A d e s c r i p t i o n  o f  the  i s o l a t i o n ,  s e p a r a t i o n  and f r a c t i o n a t i o n  
p rocedu res  a p p l i e d  to  the  t o t a l  l i p i d  f r a c t i o n  o f  the Green R iv e r  sha le  i s  
f o l l o w e d  by a d i s c u s s i o n  o f  the  mass s p e c t r a l  c r a c k i n g  p a t t e r n s  o f  
t r i t e r p e n e s •
Seve ra l  s t e r a n e s / t r i t e r p a n e s  and one t e t r a t e r p a n e  were i s o l a t e d  from 
F r a c t i o n  1 (see f l o w  d ia g r a m ) .  C o n f i r m a t i o n  (based on mass s p e c t r a l  ev idence )  
o f  th e  o ccu r ren ce  o f  c h o le s ta n e ,  s i t o s t a n e ,  e rgo s tan e ,  gammacerane and 
c a ro ta n e  can be made. In a d d i t i o n ,  a no the r  t r i t e r p a n e ,  t e n t a t i v e l y  i d e n t i f i e d  
as moretane,  has been i s o l a t e d .
A s e r i e s  o f  hyd roca rbo ns ,  p o s t u l a t e d  a l k e n y l  benzenes, was i s o l a t e d  
f rom F r a c t i o n  2 .  Such compounds have p r e v i o u s l y  been found i n  pe t ro le u m ,  
b u t  have n o t  been i s o l a t e d  from sed im en ts .  In a d d i t i o n ,  an u n sa tu ra te d  
t r i t e r p e n e  hyd roca rbon ,  as y e t  u n i d e n t i f i e d ,  was a l s o  i s o l a t e d  f rom t h i s  
f r a c t i o n .  The presence o f  t h i s  compound s u p p o r t s  the h y p o th e s is  t h a t  s a tu r a te d  
t r i t e r p e n e s  p re s e n t  i n  sediments  may be formed by r e d u c t i o n  o f  the co r re sp o n d ­
in g  a l k e n e ,  i t s e l f  formed by d e h y d r a t i o n  o f  the b i o l o g i c a l l y  common oxygenated 
t r i t e r p e n o i d s .
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INTRODUCTION 
Organ ic  Geochem is t r y
Two q u i t e  d i f f e r e n t  chemica l  approaches are used to  i n v e s t i g a t e  the o r i g i n  
o f  t e r r e s t r i a l  1 i f e  and to  e s t i m a t e  the  t ime o f  i t s  f i r s t  appearance.
C e r t a i n  e x p e r im e n t s ,  s i m u l a t i n g  p r e b i o t i c  c o n d i t i o n s  by t r e a t i n g  gaseous 
m ix tu re s  p f  methane,  w a te r  and amonia ( th e  presumed p r i m i t i v e  atmosphere o f  
the E a r th  ) w i t h  i o n i s i n g  r a d i a t i o n 2 o r  an e l e c t r i c  d i s c h a r g e ^ s h o w  
t h a t  a w id e  v a r i e t y  o f  smal l  molecu les o f  b i o l o g i c a l  s i g n i f i c a n c e  can be 
formed by a b i o g e n i c  means. The range o f  o r g a n i c  compounds which have been
s y n th e s is e d  i n c lu d e s  amino ac i ds 2 sugar s2 , n u c l e i c - a c i d  bas es ^ ’ ^ ^  °  1 ,
12 1 3  14
alkanes * and c a r b o x y l i c  a c id s  , a l l  o f  which are c o n s t i t u e n t s  o f  con tempora ry
organisms.  F e a s i b l e  l a b o r a t o r y  te chn iques  and c o n d i t i o n s ,  whereby the  s im p le  
monomers formed a b i o t i c a l l y  can p o ly m e r i s e  to  form the b i o l o g i c a l l y  e s s e n t i a l  
p o l y p e p t i d e s ,  p o l y s a c c h a r i d e s  and p o l y n u c l e o t i d e s  have s t i l l  t o  be dev ised .
Only  then can the  f o r m a t i o n  o f  a m o l e c u l a r l y  com p le x .ye t  b i o l o g i c a l l y  s imple 
s e l f - r e p l i c a t i n g  system be i n v e s t i g a t e d .
However,  a d i f f e r e n t  p r i m i t i v e  atmosphere has been p o s t u l a t e d  by Matthews 
] 5
and Moser . The a u th o r s  suggest  t h a t  o n l y  methane andanmonia were p res en t  
in the  a tmosphere ,  t o  the  comple te  e x c l u s i o n  o f  w a te r .  I t  was found t h a t  in 
the l a b o r a t o r y  the  a c t i o n  o f  a s p a r k - d i s c h a r g e  mechanism on t h i s  b i n a r y  
m ix tu re  produced a t a r  wh ich  was shown by a n a l y s i s  to  c o n t a i n  seve ra l  p e p t i d e s .  
Only  on s t r o n g  h y d r o l y s i s  were amino a c id s  l i b e r a t e d .
The g e o l o g i c a l  approach u t i l i z e s  the  reco rd  in  a n c ie n t  sediments  p ro v id e d
by the m o rp h o lo g i c a l  remains o f  organisms whereas the geochemical  approach is
_ . L • 1 £  L. • J • • 16,17, 18,19an e x a m in a t io n  o f  the  chemica l  n a tu r e  o f  the  ind igenous o r g a n i c  m a t t e r  .
The l a t t e r  aspec t  o f  t h i s  approach is  g iven  the  name o r g a n i c  g eo ch e m is t ry ,  a
broad d e f i n i t i o n  o f  w h ich  would be the  s tu d y  o f  the o r g a n i c  m a t te r  in
g e o lo g i c a l  s i t u a t i o n s .  The o b j e c t  o f  t h i s  more s p e c i f i c  approach is  to
deduce i n f o r m a t i o n  p e r t a i n i n g  to  the  chemical  and b i o l o g i c a l  e v o l u t i o n  by an
o r g a n i c  geochemica l  a n a l y s i s  o f  sediments  wh ich have undergone minimal
metamorphosis .  More s u c c i n t l y ,  an answer is  r e q u i r e d  to  the  q u e s t i o n ,  "what
is the o l d e s t  sedimen t  in w h ich  the  presence o f  o r g a n i c  compounds o f  b i o g e n i c
o r i g i n  can be d e t e c t e d ? "
The o r g a n i c  compounds, whose presence in sediments is regarded as meaningfu
are known as b i o l o g i c a l  marke rs .  They must s a t i s f y  two main p r o v i s o s ;  they
must be s t a b l e  o v e r  g e o l o g i c a l  t im e  and they  must be incapab le  o f  hav ing been
formed in  s i g n i f i c a n t  amounts by s im p le  a b io g e n ic  p rocesses,  such as the
20 2^p r i m i t i v e  atmosphere ex pe r im en ts  d e s c r ib e d  above. A lkanes * , l ong  cha in
21 22 23 2 2 ^  f a t t y  a c id s  * * * and p o r p h y r i n s  have been used as b i o l o g i c a l  markers
s ince  t h e y  possess b i o g e n i c a l l y  c o n f e r r e d  c h a r a c t e r i s t i c s  which make t h e i r
i s o l a t i o n  f rom a sed iment  meaning fu l  t o  the  o r g a n i c  geochemist .
A b i o l o g i c a l  marker  shou ld  t h e r e f o r e  be o f  b i o g e n i c  d e r i v a t i o n  and should 
have a h ig h  s t r u c t u r a l  s p e c i f i c i t y  w h ic h ,  o f  co u rs e ,  a r i s e s  f rom t h e i r  enzyme- 
c a t a l y s e d  b i o l o g i c a l  s y n t h e s i s .  I f  such a mo lecu le  possessed asymmetr ic  
c e n t r e s ,  o p t i c a l  r o t a t i o n  would r e s u l t .  However, the  o p t i c a l  a c t i v i t y  o f  a 
molecule may be de s t ro y e d  by d i a g e n e t i c a l 1y induced i s o m e r i s a t  ion under  the 
e f f e c t s  o f  e l e v a t e d  te m pe ra tu re  and p r e s s u r e .  C onve rse ly ,  o p t i c a l  a c t i v i t y  
may be c r e a te d  by the  a c t i o n  o f  a m ic r o -o rg a n is m  a c t i n g  s t e r e o s p e c i f i c a l 1y 
on a racemic m i x t u r e  o f  an o r g a n i c  compound d u r i n g  d e p o s i t i o n  o f  a sedimen t ,  
r e s u l t i n g  in a re s id u e  o f  one o f  the  enan t iom ers .  A l s o ,  b i o l o g i c a l  markers 
should be o f  a s i z e  and c o m p l e x i t y  such t h a t  the p r o b a b i l i t y  o f  t h e i r  be ing  
formed a b i o t i c a l l y  i s  n e g l i g i b l e .  The more com p l i ca te d  the s t r u c t u r e  o f  a 
m o lec u le ,  the  l e s s  l i k e l y  is  i t s  f o r m a t i o n  by the  random, n o n - d i r e c t e d  
processes a s s o c ia t e d  w i t h  a b io g e n i c  syn theses .
26 27Thus the  a c y c l i c  i s o p r e n o id  hydrocarbons * , the  s t e r o i d  and t r i t e r p e n o i d
h y d r o c a r b o n s ^ * ^ * ^ * ^  , t he  i s o p r e n o id  f a t t y  a c i d s ^ ’ ^  and the  p o r p h y r i n s ^  
are s u i t a b l e  as b i o l o g i c a l  marke rs .  Hydrocarbons p e r s i s t  as b i o l o g i c a l
1 3marke rs ,  d e s p i t e  t h e  a b io g e n i c  s y n t h e s i s  o f  c e r t a i n  types by Ponnamperuma .
The s y n t h e t i c  hyd rocarbons  were seen by g a s - l i q u i d  chromatography to  have a
c o n t inu o us  d i s t r i b u t i o n  u n l i k e  n a t u r a l l y  o c c u r r i n g  hydrocarbons wh ich have
been shown to  have a p e r i o d i c  carbon number d i s t r i b u t i o n .  The hydrocarbons
formed appeared t o  c o n t a i n  no normal o r  branched a lkanes  and were shown
c h e m i c a l l y  to  be h i g h l y  u n s a tu r a t e d .  In the  F i s c h e r  Tropsch c o n v e rs ion  o f
carbon monoxide and hydrogen i n t o  a l kanes  and a lkanes  e t c .  the  d i s t r i b u t i o n
20o f  the a lk anes  d i f f e r s  f rom the  d i s t r i b u t i o n  o f  the  a lkanes  in sediments
32In the  o p i n i o n  o f  Mar ten e t  al » a preponderance o f  normal a lkanes  suggests  





3The use o f  the isoprenoid  hydrocarbons p r is t a n e  ( l )  ( 2 , 6 , 1 0 , 1 4  -  
te tramethy ip entadecane)  and phytane ( I I ) ( 2 , 6 , 1 0 , 1 4  -  tetramethylhexadecane)  
as b io l o g i c a l  markers would,  s u p e r f i c i a l l y ,  appear ra th e r  incongruous since  
there is o n ly  one re fe ren ce  to the au th o r 's  knowledge which records the i s o l a t i o n  
of p r i s t a n e  from a Recent sediment.  There is no recorded occurrence o f  phytane.
This leads to a s trong  presumption t h a t  p r i s t a n e ,  phytane and the lower  
molecular  we ig ht  isoprenoid  hydrocarbons iso la te d  from geologica l  samples are
34formed dur ing  d iagenes is  by the degradat ion o f  the phytyl  s ide chain o f  ch lo ro p hy l l  . 
33
Johns e t  a l  have suggested t h a t  the Cjg ( l ) .  C|8 and C]£ isoprenoid hydrocarbons
r e s u l t  f rom cleavage o f  the double bonds in the phytenes,  ( i l l ,  IV and V ) ,  which
are formed in tu rn  during sediment compaction. Other po ss ib le  sources o f  geo log ica l
p r is ta n e  have been suggested, namely by decarboxy la t ion  o f  the n a t u r a l l y  o c c u r r in g ,
3^ 3^ 37  3ft 3Q
though r a r e ,  p h y ta n ic  acid  * * * * , o r  by the actual  presence o f  d is c r e t e
p r is ta n e  a t  the t ime o f  d ep o s i t io n  o f  the sediment,  as a r e s u l t  o f  i t s  i s o l a t i o n  
from a number o f  marine s o u r c e s ^ .  The C20 isoprenoid hydrocarbon,  phytane,  is 
not a common c o n s t i t u e n t  o f  l i v i n g  organisms yet  the doubly unsaturated
phytadienes ( V I , V I I  and VI I l )  have been is o la te d  by Blumer and Thomas from 
41zooplanton . These could ,  q u i t e  f o r e s e e a b ly ,  g ive  r i s e  to phytane by the  
as yet  u n su b s ta n t ia te d  process o f  geo log ica l  re duct io n .
As f u r t h e r  ev idence  f o r  the appearance o f  p r i s t a n e  and phytane o n ly  during
d iag e n e s ls ,  i t * s h o u l d  be noted t h a t  n e i t h e r  p r i s t a n e  nor phytane have been
iso la ted  from the Brown Coal o f  Germany**2 ( ^ 3 0  x 10^ y e a r s ) ,  a Recent sediment
which is r e l a t i v e l y  u n a l te r e d  and which cons is ts  o f  p la n t  d e b r is .  However, in
the Green R iv e r  s h a le ,  which has undergone somewhat more e x te n s ive  metamorphosis,
26p r is t a n e  and phytane predominate the b ra n c h e d /c y c l ic  a lkane f r a c t i o n
Long chain f a t t y  a c id s ,  amongst o t h e r  types o f  compounds, have been shown 
to form in  n a tu re  by the p o ly m e r is a t io n  o f  a c e t a t e  u n i ts  u t i l i z i n g  an acety l
43co-enzyme A s t a r t e r  molecule w i t h  chain  ex tens ion  by malonyl co-enzyme A 
This r e s u l t s  in the f a t t y  a c id  molecule having an even number o f  carbon atoms.
I t  is p o s t u l a t e d  t h a t  p l a n t  n -a lkanes  a re  formed by decarboxyl at  ion o f  the
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f a t t y  a c i d s ,  r e s u l t i n g  in an odd number o f  carbon atoms in the hydrocarbon
This is he ld  to  account f o r  the f a c t  t h a t  normal a lkanes is o la t e d  from a
44 45l i v i n g  p l a n t  no rm a l ly  show an odd/even carbon number p r e f e r e n c e  * . The
odd/even p r e f e r e n c e  is re ta in e d  in recent  sediments such as the Green River
46
shale but  o l d e r  sediments do not in g e n e r a l ,  show t h i s  p re fe ren ce
33Johns e t  a l  , amongst o t h e r s ,  take  t h i s  as an in d i c a t io n  th a t  the odd/even  
carbon number p r e fe re n c e  o f  normal a lkanes is u n s a t i s f a c t o r y  as a mark o f  a 
b i o l o g ic a l  o r i g i n  f o r  the s a tu r a te d  hydrocarbons in o l d e r  sediments.
I t  s h o u ld  be n o t e d ,  however ,  t h a t  the  c h a r a c t e r i s t i c s  necessa ry  f o r  a 
mo lecule t o  be a b i o l o g i c a l  marke r  are no t  possessed by a l l  the  b i o l o g i c a l l y  
im po r ta n t  m o l e c u l e s .  For  example,  amino a c id s  cannot  be used,  s i n c e  the y  
have been shown t o  fo rm  in t he  p r i m i t i v e  atmosphere e x p e r im e n ts  men t ioned 
above.
O rg a n ic  m o le c u le s  are known t o  undergo s t r u c t u r a l  changes a f t e r
d e p o s i t i o n  by th e  p roc es s es  o f  m a t u r a t i o n  and d i a g e n e s i s .  One method o f
i n v e s t i g a t i n g  th e  m o l e c u l a r  changes i s  t o  compare the  s t r u c t u r e s  o f  c e r t a i n
compounds o r  t h e  d i s t r i b u t i o n  o f  c l a s s e s  o f  compounds in a sediment  o r
f o s s i l  w i t h  t h e  s t r u c t u r e  and d i s t r i b u t i o n  o f  c on tem pora ry  b i o l o g i c a l
4-7compounds. Such a c o r r e l a t i o n  has been made by M a i r  who p o s t u l a t e s  t h a t  
the n a t u r a l l y  o c c u r r i n g  t e r p e n o i d s  c o u ld  have been g e o c h e m ic a l1y a l t e r e d  t o  
produce  most o f  t he  h y d roc a rb o ns  c o n t a i n i n g  benzene and cyc lo hexa n e  r i n g s  
found in c rud e  p e t r o l e u m  (and s e d im e n t s ) .
A n o th e r  q u i t e  d i f f e r e n t  approach  t o  the  same p rob le m  i n v o l v e s  the
‘ s i m u l a t i o n  o f  d i a g e n e s i s  under  l a b o r a t o r y  c o n d i t i o n s  ( g e o g e n e s i s ) .
48Douglas e t  al  have c a r r i e d  o u t  such a p rocess  on a sample o f  Green R i v e r
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sh a le  (Eocene,  60 x 10 y e a r s ) .  By i n v e s t i g a t i n g  the  d i f f e r e n c e  in  al kane 
and a lke ne  d i s t r i b u t i o n  a f t e r  p y r o l y s i s  a t  500°C,  the  a u th o r s  sugges t  the  
a lkenes  and a l ka n e s  a re  in  a l l  p r o b a b i l i t y  g e o g e n e t i c a l 1y r e l a t e d ,  w i t h  
the  im p o r t a n t  p r o v i s o  t h a t  t h e i r  r e s u l t s  may be t r a n s f e r r e d  t o  r e a c t i o n s  
a t  much l o w e r  te m p e r a tu r e s  o v e r  lo n g  p e r i o d s  o f  g e o l o g i c a l  t im e .
26E g l i n t o n  e t  a l , sugges te d  t h a t  th e  presence  o f  p r i s t a n e  and p h y ta n e ,
the  C|q and C20 a c y c l i c  i s o p r e n o i d  h y d ro c a rb o n s ,  in t h e  Green R i v e r  s h a le  o f
9Colorado  and th e  Nonesuch s h a le  (P recam br iam,  1 x 10 y e a r s )  o f  M ic h iga n
m igh t  be c o n s id e r e d  as e v id e n c e  o f  a b i o l o g i c a l  o r i g i n  f o r  these  sed im e n ts .
A s u r v e y ,  more comprehensive  in  b o th  t im e  s c a l e  and in  t y p e  o f  o r g a n i c  d e p o s i t ,
33has been c a r r i e d  o u t  by Johns e t  a l , . The a u th o r s  i s o l a t e d ,  a lo ng  w i t h
o t h e r  compounds, i s o p r e n o i d  a l k a n e s  f r o m  the  Soudan s h a le  o f  M inneso ta  
( 2 .7  x 109 y e a r s ) ,  t h e  A n t r i m  s h a le  f r o m  M ich igan  (265 x  10^ years) - ,  the 
San Joaqu in  o i l  (30 x  10^ y e a r s ) ,  t h e  Abbot  Rock o i l  (3 x 10^ y e a r s )  and 
the  Nonesuch Seep o i l  ( l  x 10^ y e a r s ) .
The oc c u re nc e  and i s o l a t i o n ,  b u t  n o t  the  i d e n t i f i c a t i o n  o f  t h r e e  b i o g e n i c
s te ra n e s  and one b i o g e n i c  p e n t a c y c l i c  t r i t e r p e n e  in  the  Green R iv e r  s h a le  and
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in t h e  Soudan s h a le  i s  r e p o r t e d  by Bur l  ingame e t  al  . The d i f f i c u l t y  o f  
unequ iv oca l  i d e n t i f i c a t i o n  i s  a g ene ra l  p rob lem  in  the  a n a l y s i s  o f  s t e r o i d
and t r i t e r p e n o i d  compounds is lo a t e d  from sediments,  s ince the q u a n t i t y
a v a i la b le  o f  any one component is o f  the order o f  nanograms (10~^ gram).
This means t h a t  w i th o u t  repeated c o l l e c t i o n s  and concentra t io n  o f  a
p a r t i c u l a r  compound, the o n ly  a n a l y t i c a l  technique r e a d i l y  a v a i l a b l e
is mass spect rometry.  However, as is i l l u s t r a t e d  by K a r l i n e r  and D je rass i
the mass spectra  o f  t r i t e r p e n e  hydrocarbons w i t h i n  the same s t r u c t u r a l  group
are v e r y  s i m i l a r .  D e f i n i t e  i d e n t i f i c a t i o n  by mass s p e c t r o m e t r y  is  t h e r e f o r e
d i f f i c u l t  and g e n e r a l l y  involves a d i r e c t  comparison o f  the unknown mass
31 •spect rum t o  t h a t  o f  a known, pu re  compound
Improved te c h n iq u e s  f o r  t h e  d e t e c t i o n  and i d e n t i f i c a t i o n  o f  o r g a n i c  
molecules  in  sed imen ts  e na b le  the  a n a l y s i s  o f  r e l a t i v e l y  m ino r  components.
The e x p l a n a t i o n  o f  the  p resence  o f  such e n t i t i e s  i s  g e n e r a l l y  u n c e r t a i n .
In the Fig  Tree  shale ( 3 . 2  x 10^ years)  a l i p h a t i c  hydrocarbons are  
present  in very  low concent ra t ions  ( 0 . 0 0 3 - 0 . 1 5  ppm)51 c . f .  (18 -400 ppm)3 3 . 
I n s u f f i c i e n t  data e x i s t s  to  a s c e r t a in  whether or  not the hydrocarbons date  
from deposit ion  but p r e l i m i n a r y  t rea tm ent  o f  the sample precludes any 
p o s s i b i l i t y  o f  the hydrocarbon being sur face contaminant . However, e n t i t i e s  
have been found in the F ig  Tree  sha le having the morphology o f  f o s s i l  
b a c te r ia  and p o s s ib ly  algae;  consequently the hydrocarbons may r e s u l t  from 
b a c te r ia  o r  a lgae .
33P r i s t a n e  i s  p r e s e n t  in  t h e  sea in  r e l a t i v e l y  l a r g e  amounts , s u g g e s t i n g
t h a t  i t  c o u l d  be p r e s e n t  in  sed im en ts  d u r i n g  d e p o s i t i o n  and need no t  o n l y
appear d u r i n g  d i a g e n e s i s .  Thus p r i s t a n e  may o c c u r  in  sedimen ts  f r om  two
b i o g e n i c  s o u r c e s ,  e i t h e r  by d e g r a d a t i o n  o f  c h l o r o p h y l l  o r  by i t s  i n c l u s i o n
as a s p e c i f i c  e n t i t y .  In  a d d i t i o n ,  a l though p r i s t a n e  has never been known
86 51
t o  o c c u r  a b i o t i c a l l y ,  c e r t a i n  branched h y d r o c a r b o n s , * i n c l u d i n g
872. methy l bu tane  and o t h e r  i s o p r e n o i d  h yd r o c a r b o n s ,  can be s y n t h e s i s e d  by
52F i s c h e r - T r o p s c h  p rocesses  .
A d i s c u s s i o n  on the  r o l e  o f  c o n t a m i n a t i o n  and metamorphism and on 
whe th e r  hy d roca rbons  are  in d ig e n o u s  in  P re -Cambr ian  sed im en ts  i s  g i v e n  by 
H o e r i n g ^  # S i m i l a r  q u e s t i o n s  were  r a i s e d  by 0ro^9>90  when, in  an a n a l y s i s  
o f  m e t e o r i t e s  f o r  a l i p h a t i c  h y d r o c a r b o n s t he found  t h a t  carbonaceous 
c h o n d r i t e s  gave the  same a l i p h a t i c  h yd roca rbo n  c h r o m a to g r a p h ic  p a t t e r n s  as 
n a t u r a l l y  o c c u r r i n g  m i x t u r e s  o f  t e r r e s t r i a l  i s o p r e n o i d  and o t h e r  a l i p h a t i c  
h yd roca rbo ns .  Ornans ,  a n o th e r  m e t e o r i t e ,  c o n t a in e d  no i s o p r e n o i d  
hyd rocarbons  whereas 0 r g u e i 1 and the  non-carbonaceous c h o n d r i t e s  g e n e r a l l y
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c o n ta in e d  b u t  l i t t l e .  The c o n c l u s i o n  reached was t h a t  more w o rk  was 
r e q u i r e d  t o  d e c id e  w h e t h e r  o r  n o t  t he  h y d r o c a r b o n s  were  in  f a c t  a 
r e s u l t  o f  t e r r e s t r i a l  b i o l o g i c a l  c o n t a m i n a t i o n .
O b v i o u s l y  d oub ts  such as t h e s e  must  be r e s o l v e d  b e f o r e  any a t t e m p t  
is made a t  a t o t a l  o r g a n i c  a n a l y s i s  o f  a l u n a r  sample w i t h  the  p u r p o s e ,  
a long  w i t h  o t h e r s ,  o f  d e c i d i n g  w h e th e r  l i f e  as i t  i s  known on e a r t h ,  
namely,  based on the  ca rbon  atom, has e v e r  e x i s t e d  on th e  moon.
T r i t e r p e n e s  -  Genesis
As s ta te d  above,  a b i o l o g i c a l  marker is o n l y  o f  v a lu e  when t h e r e  is
the maximum p o s s ib le  p r o b a b i l i t y  o f  i t  having had a b io g en ic  o r i g i n .
P e n ta c y c l ic  t r i t e r p e n e s  have a high s t r u c t u r a l  s p e c i f i c i t y  and t h e i r
s ize  and complex i ty  is such t h a t  the p o s s i b i l i t y  o f  t h e i r  a b i o t i c
formation is n e g l ig ib le - .  The b iogenesis o f  terpenes was o r i g i n a l l y
exp la in ed  in terms o f  the isoprene r u l e ^  which simply  invoked the
concept o f  reg u la r  p o ly m e r is a t io n  o f  2 - m e t h y l - b u t - 2 - e n e  u n i t s  to produce
the req u ired  length o f  a c y c l i c  p o l y is o p r e n o id .  However, Ruzicka and 
55Jeger , found t h a t  the s t r u c t u r e  assigned to  l a n o s t e r o l ,  i f  i t  were  
c o r r e c t ,  could not p o s s ib ly  be accounted f o r  by the isoprene r u l e .  This  
led to the fo r m u la t io n  o f  the b io g e n e t i c  isoprene r u l e  by Woodward and
57 * 56Block , and by Ruzicka , which in e f f e c t  is mere ly  and ex tens io n  o f  the  
isoprene r u l e .  C y c l i s a t i o n  o f  an a c y c l i c  p re cu rso r  by means o f  a n t i p l a n a r  
1 : 2 a d d i t io n s  and as so c ia te d  1 : 2 e l i m i n a t i o n s ,  is preceded by conform­
a t io na l  f o l d i n g  o f  the po lyuso pren oid  and may or  may not be fo l lo w e d  by 
1 : 2 rearrangements in v o lv in g  h ydr ide  and /o r  methyl s h i f t s .  The
b io g en et ic  isoprene r u le  is based on the enzyme c a t a ly s e d  condensat ion o f
, . , . 58aceta te  d e r ived  u n i ts
The biogenesis  o f  t r i t e r p e n e s  is ex p la in e d  by a p r e l i m i n a r y  
condensat ion o f  t h r e e  a c e t y l . co-enzyme A molecules ( I X ) , which form,  
a f t e r  c y c l i s a t i o n , m e v a l o n o l a c t o n e  ( X ) . Basic h y d r o ly s is  o f  t h i s  e s t e r  
produces two f r e e  hydroxyl  groups which are  s u c c e s s iv e ly  e s t e r i f i e d  by 
inorganic pyrophosphate. These e x c e l l e n t  le a v in g  groups f a c i l i t a t e  the  
format ion o f  isopentenyl  pyrophosphate ( X I ) ,  some o f  which by ac id  
cata lysed  isom er isa t  ion produces d i m e t h y l a l 1yl pyrophosphate ( X I l ) .
The s t r u c t u r a l  isomers are p o s t u la t e d  to then condense to produce  
geranyl pyrophosphate ( X I l l ) ,  which on f u r t h e r  condensat ion r e s u l t s  in 
farnesyl  pyrophosphate ( X I V ) .  The l a s t  s ta g e ,  in v o lv in g  a q u i t e  
d i f f e r e n t  t a i l  to t a i l  co up l ing  o f  two fa rn e s y l  u n i t s  has been e x t e n s i v e l y
759s tu d ie d  by C o r n f o r t h  e t  ai , and r e s u l t s  in t h e  f o r m a t i o n  o f  th e  a c y c l i c  
t r i t e r p e n e  squa lene  (XV) (D iag ram  l ) .  A d d i t i o n a l  r e f e r e n c e s  p e r t i n e n t  t o  
the deve lopment  o f  p o l y - i s o p r e n o i d  b i o g e n e t i c  t h e o r y  and d e a l i n g  w i t h  the  
b i o s y n t h e t i c  v e r i f i c a t i o n  o f  t h e  t h e o r y  by i n c o r p o r a t i n g  r a d i o a c t i v e  t r a c e r  
m o lecu les  in  t he  m e t a b o l i c  pa thways  a r e  g i v e n  by C l a y to n  in  a com prehens ive  
t w o - p a r t  a r t i c l e .
C o m p a r a t i v e l y  l i t t l e  w o r k  has been c a r r i e d  o u t  on th e  b i o s y n t h e s i s  o f
p e n t a c y c l i c  t r i t e r p e n e s .  However ,  1a b e l 1e d cp - a m y r i n  has been p roduced
from l a b e l l e d  sodium m e v a lo n a te  in  th e  pea^"*, w h i l s t  A r i g o n i  has a c h ie v e d
s i m i l a r  success in  t h e  f o r m a t i o n  o f  soyasapogeno l  D by th e  s p r o u t i n g  soya 
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bean . The p a t t e r n  o f  l a b e l l i n g  fo u n d  in  t h o s e  cases i s  in  agreement
w i t h  Eschenmose r ' s  t h e o r y  o f  th e  s t e r e o c h e m i s t r y  o f  th e  o x i d a t i v e  c y c l i s a t i o n
62o f  s qua len e  t o  t r i t e r p e n e s  . A c c o r d i n g  t o  t h e  t h e o r y  s qua le n e  i s  f o l d e d  
i n t o  a s e r i e s  o f  r i n g s  p o s s e s s in g  i n c i p i e n t  c h a i r  o r  bo a t  c o n f o r m a t i o n s  and 
a t t a c k  by  the  e q u i v a l e n t  o f  H0+ then  i n i t i a t e s  a c o n c e r t e d  p r o c e s s  l e a d i n g  
t o  the  t r i t e r p e n e  w i t h  a s s o c i a t e d  e l i m i n a t i o n  o f  a p r o t o n .  When th e  
c o n f o r m a t i o n  o f  th e  squa len e  a c y c l i c  p r e c u r s o r  i s  in  a c h a i r ,  c h a i r ,  c h a i r ,  
boat  f o r m  (XVV) (D iag ram  2 ) ,  t h e  i n t e r m e d i a t e  ( X V I I I )  can r e s u l t  w h i c h  by 
e l i m i n a t i o n  o f  a p r o t o n  r e s u l t s  in  l u p e o l  (XV111) .  I f ,  however ,  c o n c e r t e d  
r i n g  E e n la r g e m e n t  o c c u r s  t o  g i v e  t h e  ion  (X IX )  f o l l o w e d  by l o s s  o f  a 
p r o to n  f r o m  C-18 ,  g e rm a n ic o l  (XX) r e s u l t s .  F u r t h e r  c o n c e r t e d  Wagner-  
Meerwein s h i f t s ,  b e g i n n i n g  w i t h  t h e  ion (X IX )  l e a d  t o  t a r a x a s t e r o l  ( X X l ) ,  
i - a m y r i n  (XX11) ,  p - a m y r i n  (XX 1 1 1 ) ,  m u l t i f 1uo re no l  ( X X IV ) ,  g l u t i n o l  (XXV) 
and f r i e d e l i n  ( X X V l ) .
A d i f f e r e n t  p a t t e r n  o f  c o n f o r m a t i o n a l  f o l d i n g  o f  s qua len e  can o c c u r  on 
the  enzyme s u r f a c e  where r i n g  c l o s u r e  o c c u r s  t o  p rod uc e  a c h a i r ,  c h a i r ,  
c h a i r ,  c h a i r  s e r i e s  w h ic h  l e a d s  t o  t h e  hopane r i n g  sys te m ,  e x e m p l i f i e d  by 
hydroxyhopan«ie{XXVI  1) . T h i s  i s  t h e  s i m p l e s t ,  b i o g e n e t i c a l 1y s p e a k i n g ,  o f  
th e  p e n t a c y c l i c  t r i t e r p e n e s  and l e a d s ,  by a s e r i e s  o f  n o n - c o n c e r t e d  
re a r rangem en ts  t o  t h e  c a rbon  s k e l e t o n s  o f  f e r n e n e  ( X X V M l )  and a d i a n t o x i d e  
(XXIX) .  Shou ld r i n g  E be i n  a b o a t  c o n f o r m a t i o n  th e  c y c l i c  p r o d u c t  i s  
t he  21a (H ) -hopane  d e r i v a t i v e  m o re te n o l  (XXX) . U s ing  t h e  same r i n g  system  
fe rnene  and a d i a n t o x i d e  can be e x p l a i n e d  by a c o n c e r t e d  c l i s a t i o n  mechanism.
The o c c u r r e n c e  in  n a t u r e  o f  t r i t e r p e n o i d  h y d r o c a r b o n s  r a i s e s  an i n t e r e s t i n g  
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process i n i t i a t e d  by H or  do they  r e s u l t  from the red u c t io n  o f  the
6corresponding 3P a lcohols?  Recent r e s u l t s  by Barton and Moss on
the enzymic oxygenat ion o f  la n o s ta  -  8 ,  2 4 -d ie n e  to la n o s t e r o l  have o f f e r e d
experimenta l  ev idence  f o r  the  p o s s i b i l i t y  o f  an H i n i t i a t e d  c y c l i s a t i o n .
The p e n t a c y c l i c  d i v i s i o n  o f  t r i t e r p e n e s  may be f u r t h e r  subdiv ided  in to
seventeen systems on the bas is  o f  s t r u c t u r a l  d i f f e r e n c e s  m the carbon
sk e le to n .  This  b io g e n e t i c  c l a s s i f i c a t i o n ,  employed by McCrindle  and 
65
Overton , takes i n t o  account both the  p o s i t i o n  and o r i e n t a t i o n  o f  the  
methyl s u b s t i t u e n t s  (T ab le  l ) .
T r i t e r p e n e s  -  Occurrence
O xyg en at io n ,  a f e a t u r e  o f  n e a r l y  a l l  n a t u r a l l y  o c c u r r in g  pentacycl  ic
t r i t e r p e n e s  is thought to occur in the course o f  b io s y n th e s is  a f t e r  the
i n i t i a l  o x i d a t i v e  c y c l i s a t i o n  and as so c ia te d  rearrangem ents .  In a rev iew
64a r t i c l e  on pentacyc l  ic t r i t e r p e n e s ,  Hal s a i l  and A p l i n  note t h a t  the more 
s o p h is t i c a t e d  techniques  o f  s e p a ra t io n  and a n a ly s is  now being a p p l ie d  
should a l l o w  the i s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  compounds prese n t  in 
q u a n t i t i e s  much le ss  than had h i t h e r t o  been necessary .  For the same 
reason,  the  au thors  t h i n k  t h a t  an i n v e s t i g a t i o n  o f  more h i g h l y  oxygenated  
species and an o v e r a l l  more s ys te m a t ic  exam in at ion  o f  p la n t s  is now p o s s i b le .
The s t r u c t u r e s  o f  a l l  the known n a t u r a l l y  o c c u r r in g  p e n t a c y c l i c
65
t r i t e r p e n e s  a re  g iven  in a rev iew a r t i c l e  by McC rindle  and Overton . An 
64e a r l i e r  rev iew  names the p l a n t  f a m i l i e s  from which the pentacycl  ic 
t r i t e r p e n e s  have been i s o l a t e d .  The occurrence  o f  s t e r o id s  and 
t r i t e r p e n e s  in n a t u r e  is b r i e f l y  summarized below,  (see Page 1 8 ) .
T r i t e r p e n e  hydrocarbons occur o n l y  r a r e l y  in n a tu re  and have been
66i s o la t e d  from o n l y  two p l a n t  f a m i l i e s .  Bruun i s o l a t e d  a t r i t e r p e n e  
hydrocarbon from the l i c h e n  Cladonia  deformis  Hoffm.  The t r i t e r p e n e ,  
o f  the 3 -a m y r in  group,  was shown to  be ta r a x a r e n e  (XXXl)  which d i f f e r s  
from i t s  s te re o is o m e r  germanicene ( X X X I I )  by having a CtS C, D r in g  
j u n c t io n  in s tead  o f  t r a n s .  The rhizomes o f  Polypodium v u lg a r e  ^  were 
found t o  c o n t a in  0.4% o f  a m ix tu re  o f  t h re e  d i s t i n c t  t r i t e r p e n e  
hydrocarbons,  two o f  which ,  9 0 0  f e rnene  (XXV111) and 22 (29 )  Hopene ( X X X I I I )  
are known to  have a rearranged hopane and a hopane s ke le to n  r e s p e c t i v e l y .  The 
t h i r d  hydrocarbon,  s e r r a t e n e  (XX X IV ) ,  is o f  p a r t i c u l a r  note s in ce  i t  is the  
f i r s t  t r i t e r p e n e  hydrocarbon i s o l a t e d  which does not  possess a hopane or  
rearranged hopane s k e l e t o n .  The authors  suggest  t h a t  s e r r a t e n e  o r i g i n a t e s  
from an onOCe r a d i e n e  (XXXV) p recurson,  i t s e l f  formed by c y c l i s a t i o n  o f
squa lene s t a r t i n g  f r o m  b o th  ends o f  t h e  m o l e c u l e .  The methanol ,  e x t r a c t  
o f  the f e r n  l e a v e s ,  D r y o p t e r i s  c r a s s i r h i z o m a  NAKAI ( A s p i d i a c e a e ) , was
,6 8 ,6 9  / \found t o  c o n t a i n  two t r i t e r p e n e  h y d ro c a rb o n s ,  f e r n e n e  ( X X V I i l )  and
d i p l o p t e n e  ( X X X l l l ) .  No 1 ess th an  f i v e  t r i t e r p e n e  h y d r o c a r b o n s ,  a l l
w i t h  s t r u c t u r e s  e x p l i c a b l e  by t h e  same b i o g e n e t i c  scheme, have been •
70
i s o l a t e d  t i n t e r  a l i a ,  f r o m  th e  f e r n  A d ia n tu m  monochlamys EATON ( A d i a n t a c e a e ) . 
The compounds p r e s e n t  were i d e n t i f i e d  as ad ia ne ne  (X X X V l ) ,  f i l i c e n e  ( XXXVI 1 ) ,  
7 - f e r n e n e .  (XXXVI I I ) ,  i s o - f e r n e n e  (XXXIX)  and d i p l o p t e n e  ( X X X I I I ) .
T r i te r p e n e s  -  Organic Geochemistry
I t  is an accepted f a c t  t h a t  b i o l o g i c a l  compounds possess o p t i c a l  a c t i v i t y
4-7by v i r t u e  o f  t h e i r  enzym e-cata lysed  s t e r e o s p e c i f i c  b i o s y n t h e s is .  M a i r  and
Zahn e t  a l ^  have a sso c ia te d  the o p t i c a l  a c t i v i t y  o f  geo-b iochemical  d e t r i t a l
mater ia l  found in petro leum  d i s t i l l a t e s  and coal r e s p e c t i v e l y  w i t h  s a t u r a t e d
pentacycl  ic hydrocarbons. Several  a u t h o r s ^ *7 3 ,7 4  ^ave SUgge s ted t h a t
these p o l y c y c l i c  hydrocarbons may be s teranes  and t r i t e r p a n e s  d e r iv e d ,  under
the c o n d i t io n s  o f  d ia g e n e s i s ,  from n a t u r a l l y  o c c u r r in g  s t e r o i d s  and
t r i t e r p e n o i d s .  T h is  p o s t u l a t e  appears q u i t e  f e a s i b l e  when viewed In r e l a t i o n
to the common-in v i t r o  re d u c t io n  o f  oxygenated t r i t e r p e n o i d s  as a method o f
75s t r u c t u r a l  e l u c i d a t i o n  . However, i t  appears t h a t  v e r y  young sediments
may co n ta in  a l a rg e  amount o f  oxygenated t r i t e r p e n e s ,  a l though v e r y  few such
sediments have been examined f o r  these compounds. Sorm and c o - w o r k e r s ^
have i d e n t i f i e d  a wide  range o f  t r i t e r p e n o i d s  in Brown Coal .  Some o f  these
compounds are known to  occur n a t u r a l l y  ( f r i e d e l  in ( X L ) ,  betu l  in (XL I ) ) in
77cork and b i r c h  bark r e s p e c t i v e l y .  O t h e rs ,  such as o x y a l 1obetu l  in and
7 A 7 8
a l lo b e t u lo n e  have o n l y  been found in l i g n i t e  * . These r e s u l t s  suggest
th a t  c e r t a i n  oxygenated t r i t e r p e n e s  a re  in f a c t  s t r u c t u r a l l y  a l t e r e d  in a 
geo logical  environment w h i l s t  o th e rs  remain unchanged.
7g
According to Ikan and McLean , l i g n i t e  is g e n e r a l l y  regarded as an 
in te rm ed ia te  in the a l t e r a t i o n  o f  pea t  to  coal and is b e l i e v e d  to  be a 
precursor  o f  cannel c o a l .  T h e i r  examinat io n  o f  pea t  produced o n ly  one 
i d e n t i f i e d  t r i t e r p e n o i d  s t r u c t u r e ,  f r i e d e l a n - 3  3 -o l  ( X L I I ) ,  whereas  
l i g n i t e  was shown to  conta in  b e t u l i n  (XL I ) ,  a l l o b e t u l  in (XL I I I ) ,  
o x y a l1obetul  in (XL1V),  a l l o b e t u l o n e  (XLVl)  and o x y a l 1obetu lone  (X L V ) .
The subsequent stage  in the g e o lo g ica l  sequence produced cannel coal  
which has not  been found to  co n ta in  any t r i t e r p e n o i d s .  Th is  sequence 
would suggest an i n i t i a l  p r o l i f e r a t i o n  o f  t r i t e r p e n o i d s ,  f o l lo w e d  by
10
t h e i r  a l t e r a t i o n  to o t h e r  compounds possessing n o n - t r i t e r p e n o i d  c h a r a c t e r i s t i c s .
The l a t t e r  type o f  compound may w e l 1 be the p a r t i a l l y  o r  f u l l y  aromatised
7 6p e n t a c y c l i c  carbon ske le tons  o f  the t r i t e r p e n o i d s . J a r o l im  e t  a l ' have 
i s o la t e d  from Brown Coal two such compounds o f  the a l l o b e t u l i n  type and 
one hydrocarbon,  1,  2 ,  3 ,  ^ a ,  5> 6 ,  l*+b -  octahydro  -  2 ,  2 ,  ^ a ,  9 -
t e t ra m e t h y lp ic e n e  ( X L V I l ) .
79B a r t o n  e t  al have i d e n t i f i e d  t r i t e r p e n o i ds in pet ro leum and 
8o
C arru th e rs  and Cook have i s o l a t e d  such compounds from crude o i l .  The 
p a r t i a l l y  aromatised  p e n t a c y c l i c  compound 1, 2 ,  3 ,  *+ - t e t r a h y d r o - 2 , 2 ,  9 ,  “ 
t r i m e t h y l p i c e n e  ( X L V I l l )  has been i s o l a t e d  from a crude o i l  by C a r ru th e rs  
and W a t k i n s ^  .
The o c c u r r e n c e  o f  s a t u r a t e d  t r i t e r p e n e  h y d r o c a r b o n  ( t r i t e r p a n e s )  in
82petroleum d i s t i l l a t e s  has been shown by H i l l s  and Whitehead . I d e n t i f i c a t i o n
o f  the hydrocarbons has not ye t  been completed but  i t  appears t h a t  two
compounds i s o l a t e d  are C^q p e n t a c y c l i c  t r i t e r p e n e s ,  one is a n o r t r i t e r p e n e
and one i s  a t r i s n o r t r i t e r p e n e .  The same a u t h o r s , -  in  c o n j u n c t i o n  w i t h  
31Anders e t  al have i d e n t i f i e d  an o p t i c a l l y  a c t i v e  t r i t e r p a n e ,  gammacerane ( X L I X ) ,
in Colerado shale o i l  b itumen.  The i s o l a t i o n  o f  t h i s  compound was i n i t i a l l y
30c a r r i e d  o u t  by Cummings and Rob inson  . In  a p r e l i m i n a r y  r e p o r t ,
28Burl ingame e t  al d e s c r ib e  the i s o l a t i o n  o f  t h r e e  s te ranes  and one t r i t e r p a n e  
f rom the  Green R iv e r  s h a l e ,  a l though these compounds were not  o b ta in ed  in a 
pure s t a t e .
In a hydrocarbon a n a ly s i s  o f  c e r t a i n  samples from the S c o t t i s h  C arboni fero us
.  83
F o r m a t i o n  (2 50 -300  x 10°  y e a r s ) ^  Maxwel l  i s o l a t e d  two p e n t a c y c l  i c
t r i t e r p a n e s ,  one a n o r t r i t e r p e n e  o f  m o le cu la r  fo rmula  C22 ^5 0 * the o t h e r  a
t r i t e r p e n e  o f  formula  C ,n H__.
5 -^
The d is c o v e ry  o f  f u l l y  s a tu ra te d  t r i t e r p e n e  hydrocarbons in sediments has 
led  to the search f o r  u n sa tu ra ted  t r i t e r p e n e  hydrocarbons since  t h e i r  d i r e c t  
fo rm at io n  from oxygenated p recu rso rs  is q u i t e  f e a s i b l e .  Douglas e t  a l^ ^  
suggest t h a t  the fo rm a t io n  o f  a l k - l - e n e s  under p y r o l y s i s ,  may in v o l v e ,  i n t e r  
a l i a ,  the d eh y d ra t io n  o f  an alcohol  o r  the d e c a r b o x y la t io n  o f  an ac id  or  an 
e s t e r .  The authors  suggest  t h a t  the e f f e c t  o f  p y r o l y s i s  on c e r t a i n  compounds 
under l a b o r a t o r y  c o n d i t io n s  can be d i r e c t l y  c o r r e l a t e d  w i t h  the d i a g e n e t i c  
a l t e r a t i o n s  undergone by the same type o f  compounds. I t  would appear  
f e a s i b l e  t h a t  more complex molecules  ( e . g .  t r i t e r p e n e s )  are a l t e r e d  in the  
same way.
8 UThe i s o l a t i o n  o f  o l e f i n s  f r o m  th e  Green R i v e r  s h a le s  by 1 ida e t  al 
85and by Henderson maY be ta ke n  as a t e n t a t i v e  v e r i f i c a t i o n  o f  t h e  v a l i d i t y  
o f  the  g e o g e n e t i c  app roach  and s u g g e s ts  t h a t  an i n v e s t i g a t i o n  o f  t h e  Green 
R iv e r  s h a l e  d i r e c t e d  a t  t h e  i s o l a t i o n  o f  u n s a t u r a t e d  t r i t e r p e n e  h y d r o c a r b o n s  
may p ro d u c e  f u r t h e r  e v i d e n c e .
The g e o - g e n e t i c  mechanisms o f  a l k e n e  f o r m a t i o n  may w e l 1 e x p l a i n  t h e  
p resence  o f  u n s a t u r a t e d  t r i t e r p e n e s  i n  s e d im e n t s ,  b u t  i t  must  be remembered 
t h a t  t h e r e  may be s e v e r a l  n a t u r a l l y  o c c u r r i n g  u n s a t u r a t e d  t r i t e r p e n e s  w h i c h  
have n o t  y e t  been i s o l a t e d  o r ,  a l t e r n a t i v e l y ,  b i o g e n e t i c  pa thways  may have 
a l t e r e d  in  c e r t a i n  systems so t h a t  m o l e c u l e s  n a t u r a l l y  o c c u r r i n g  a t  th e  
t im e  o f  d e p o s i t i o n  a r e  now a b s e n t  f r o m  1 i v i n g  sys te m s .
TABLE 1
















































































o  fo co  a)
• o  >

























O 2J0 <U o  C_ LA •—
TD fO CM to
<D 3 CO 4-4
4-i in 4-* -Q
fa — cn fO O
c > c
cn >-
a) w *i_ • 3 .—
CL © <0 v_
E c "O E 0
10 a) i_ «4-
X c a)
-  © •— j = 4-4
<0 4J CL
0) 1 4-1 o U
• c o m o
w— o ■— X
•5 ^ LU4-4 0 • c
o © 3 •■--- c L. •■--• © <0 ■- (0
L. C3 » 4-» * . o
<u • l_ w c in —
X) a) to © © E . 4-4L- 3 O Ql .— 3 CL C
o _ — o o ,— ©













C O  1- 4JO L. .> It L
to w r  . 
a)jc o  3  
c  a> -C inCO 4) 4-4 fl)4J sJ3 2 —O >* +■»_q
<U -4 -  C  3 CAO O
.— O  CO •— — fOZ CM4-4 
>  cnac c  >
<  a)• +-> -  <-> — M-&SO <U O -^  _ 










N O  
2  CA






















—» 5 ©• O 4 —4h TJ cn
o C in • fO> 10 CO TJ 1.
-X C 4-4
o 0 )0 <0 in
t- c «— 3
UJ 4* C7) <44 • © c
>* >■ —T3 UJ
o ,— >- >•fO o -— 44 <I)
E 4-4 4-4 a T3 CI. _, in JT t. T3
(0 •—4-4 O >-
-C *. v_ CDM—to
CL fO03 *- X
in 4-4o *4-*4- — 14- to 0O Q_ O
a) 4 -  
cn o  
a)
— >  
.— 4->
o  —O U1 
ia a)
B ~-C c  
c/> x>
4- o >*
>* o  
+-»— >  
in 4-» 
L  —a> in 







— 3 Ol <0 
lx l
> - —  
4-> (/)
—  U 01 0) 
v- >  
<0 • -  > C— 13
c
— to 
<0 uV) jQ 
10 fOoc o
X  U  CD 3  H  £
I I I
<  D  O  O  U J U .
D I S C U S S I O N
C o l l e c t i o n  and C h a r a c t e r i s a t i o n  o f  S tand a rd  T r i t e r p e n e s
The d i r e c t  comparison o f  the phys ical  data o f  an u n i d e n t i f i e d  t r i t e r p e n e  
to t h a t  o f  a standard t r i t e r p e n e  is an e s s e n t ia l  f e a t u r e  in the procedure  
lead ing to i d e n t i f i c a t i o n  o f  the compound. Close s t r u c t u r a l  s i m i l a r i t i e s  
between members o f  each p e n t a c y c l i c  t r i t e r p e n e  system, to g e th er  w i t h  a 
lack  o f  any d i s t i n g u i s h i n g  f u n c t i o n a l i t y ,  r e s u l t  in the mass spectrum o f  
each being not f u l l y  c h a r a c t e r i s t i c  except  by d i r e c t  comparison to t h a t  o f  
a s tandard .  Fernene (4 )  and iso fernene  ( 6 ) have s i m i l a r  mass spectra  
( m . s . l .  & 2 ) ,  but the former has a 9 • 1 1 , the l a t t e r  an 8 : 9 double bond. 
D i f f e r i n g  o n ly  in s t e r e o c h e m is t r y ,  d ip lo p t e n e  (3 )  (C21 -  P -  is opropeny l)  
and moretene (14 )  (C2 I -  a  -  isopropenyl)  a ls o  have mass spectra  c l o s e l y  
resembling each o t h e r  (m.s.  3 & 4 ) .  Since mass s p ec t ra l  a n a ly s i s  is the  
prime i d e n t i f i c a t i o n  method a p p l i c a b l e  to the small q u a n t i t i e s  o f  pure  
compounds o b t a i n a b l e  from g eo lo g ic a l  samples, a comprehensive c o l l e c t i o n  
of  standard t r i t e r p e n e s  is req u i re d  f o r  comparison;  each being f u l l y  
c h a r a c t e r i s e d  by mass and i n f r a - r e d  spect roscopy,  m e l t in g  p o in t  and 
o p t i c a l  r o t a t i o n .
The standard t r i t e r p e n e  hydrocarbons (T ab le  2) were e i t h e r  i s o l a t e d  
d i r e c t l y  from l i v i n g  systems or  e ls e  synthesised from n a t u r a l l y  o c c u r r in g  
t r i t e r p e n o i d  s t r u c t u r e s .  C h a r a c t e r i s a t i o n  o f  the re fe r e n c e  compounds was 
by t h e i r  Rf .  va lue s  on s i l v e r  n i t r a t e  impregnated s i l i c a  gel ch ro m ato p la tes ,  
t h e i r  micro i n f r a - r e d  s p e c t r a ,  g a s - l i q u i d  chromatographs ( g . l . c . )  r e t e n t i o n  
t imes , and mass s pe c t ra .  L i t e r a t u r e  va lu es  f o r  the m e l t in g  p o in ts  and 
o p t i c a l  r o t a t i o n s  o f  the standards are  a ls o  included in the t a b l e .
I t  is seen t h a t  the Rf .  v a lu es  cover a wide range,  the h ig h e s t  being  
ap p ro x im ate ly  equal to t h a t  o f  an n - a l k a n e ,  the lowest  approaching t h a t  
of anthracene .  The va lu es  ob ta ined  a re  o b v io u s ly  r e l a t e d  to the p o s i t i o n  
o f  a double bond in the m olecu le ,  high Rf .  va lu es  being recorded when the 
molecule conta in s  a h ig h ly  double bond. Such a r e l a t i o n s h i p  between the  
l o c a t io n  o f  u n s a t u ra t io n  and chromatographic behaviour has been demonstrated  
f o r  the g . l . c .  r e t e n t i o n  t imes o f  members o f  the hopan e-zeorinane g r o u p ^ l .
The r e s u l t s  o b t a in e d ,  in the present  work ,  f o r  the r e t e n t i o n  t imes o f  
i sofernene ( 6 ) and fernen e ( 4 ) conf i rm  Ikekawa 's  f i n d i n g  t h a t  a 
t e t r a s u b s t i t u t e d  double bond Shortens the r e t e n t i o n  t ime more than a 
t r i s u b s t i t u t e d  double bond does ( 1 3 -6 5  and 15-75 minutes r e s p e c t i v e l y ) .
C H R O M A T O P L A T E S
No. 1
No. 2
Develop i ng 
V i s u a l i  z e r
(a )  (b )  ( c )  (d )  (e)  ( f )  (g)  (h)  ( i )
5% Hg(NOj)  .H20
(a )  (b )  (c )  (d)  (e )  ( f )  (g)  (H) ( j )
10% Hg(N0 3 ) .H20
s o l v e n t : -  100% n-hexane.
No. l  ; 50% r h o d a m in e / f 1u o resce in .
N o .2 ; 50% H2 SO4  and c h a r r i n g .
( a )  C j y - l - e n e  (b )  -  t a r a x a s t e n e  ( c )  1upene-1
(d )  i s o - f e r n e n e  (e )  ( f ) d ip lo p t e n e  (g)  fernene
(h)  anthracene ( i )  Green R iv e r  f r a c t i o n  3
0 ) Green R iv e r  f r a c t i o n  2.
C H R O M A T O P L A T E S
No. 3
te) (f)( a )  ( b )  ( c )  ( d )
10% m e r c u r i c  acetate
No. W 10% m ercur ic  acetate
(a )  (b)  ( c )  (d)  ( e )  ( f )
Developing s o l v e n t : -
V i s u a l i z e r
No. 3 5 100% n-hexane.
No. k  ; 9 5 : 5  hexane:m ethano l .
50% H2 S0Zf and c h a r r i n g .
( a )  C j y - I - e n e  (b )  - t a r a x a s t e n e  ( c )  i s o - f e r n e n e  
n~^22*^24  anthracene  ( f )  d ip l o p t e n e .
I t  would appear t h a t  t h i n  l a y e r  chromatography ( t . l . c . )  Rf .  va lues  could
also  be s u p p l ie d  to s t r u c t u r e  e l u c i d a t i o n  as Ikekawa e t  al suggest f o r  the
91g . l . c .  r e t e n t i o n  t imes . The d iv e r s i . t y  o f  the Rf .  va lues  ob ta in ed  
c a r r i e s  the  im p l i c a t io n  t h a t  the convent ional  method o f  s ep a ra t ing  
s a t u r a t e d  from unsaturated  m olecu les ,  a r g e n t a t i v e  t . l . c . ^ w a s  not  
a p p l i c a b l e  to  p e n t a c y c l i c  t r i t e r p e n e  hydrocarbons.
S ince  th e  presence or  absence o f  u n s a tu ra t io n  is a useful bas ic  
c r i t e r i o n  in the a n a ly s is  o f  complex o rg a n ic  m ix t u r e s ,  a s u i t a b l e  method 
o f  chromatographic s e p a r a t io n ,  s e n s i t i v e  to  h indered double bonds, is 
d e s i r e d .  I t  was reasoned t h a t ,  s ince  AgNO^ t . l . c .  was i n e f f e c t i v e  f o r  
s t e r i c  reasons,  a s m a l le r  complexing ion could f o r s e e a b l y  approach the  
u n s a t u r a t io n  s u f f i c i e n t l y  f o r  a A -  complex to  form and thus e f f e c t  the  
req u i re d  s e p a r a t i o n .  The m ercur ic  ion,  Hg+ + ( r a d i u s  1.10A°  c . f .  to
“f" Q
Ag 1.26A ) was thought to  have the g r e a t e s t  p o s s i b i l i t i e s  and
consequent ly  s i l i c a  gel t . l . c .  p l a t e s ,  impregnated w i t h  5% and 10% 
mercur ic n i t r a t e  by w eig ht  were produced.  Se lec ted  standards were  
chromatographed on these p l a t e d ,  the developing so lve n t  being 100% 
n-hexane and the r e s u l t s  o b ta in ed  are  shown in the diagrams (chromato p la tes  
1 & 2 ) .  I t  is seen t h a t  d i f f e r e n t i a l  complex fo rm a t io n  does occur but  
the s e p a r a t io n  achieved is no b e t t e r  than t h a t  on AgNO^ t . l . c .  and the  
t r i t e r p e n e s  c o n t a in in g  h indered  double bonds are not re s o lv a b le  from the  
a l k a n e s .
Two f u r t h e r  at tempts  a t  the chromatographic s e p a r a t io n  were made 
using m e r c u r ic  ion d e r i v a t i v e s .  The f i r s t  o f  these employed mercur ic  
a c e ta te  impregnated t . l . c .  p l a t e s  w i t h  100% n-hexane as deve loping  
s o lv e n t ,  th e  second attempted to  invoke the use o f  m e th o x y -m e r c u r i -a c e ta te  
complexes o f  the o l e f i n s .  The t . l . c .  p l a t e s  were made in the accepted  
f as h io n ,  th e  s i l i c a  gel being impregnated w i t h  10% m ercuric  a c e t a t e .  The 
f i r s t  ch ro m ato p la te  (chrom atop la te  3 ) shows t h a t  m ercuric  a c e t a t e  is 
capable o f  complexing X -  bonds but the req u i red  r e s o l u t i o n  o f  hindered  
double bond t r i t e r p e n e s  from alkanes is not o b t a in e d .  The second p l a t e  
(ch ro m ato p la te  A) was developed in 95 *. 5 hexane : methanol .  I t  was 
r e a l i s e d  t h a t  the 5% o f  p o l a r  s o lv en t  would r a i s e  the Rf .  va lu es  cons id erab l  
but i t  was hoped t h a t  the  e f f e c t  o f  the m e t h o x y - m e rc u r i - a c e t a t e  would more 
than c o u n t e r a c t  t h i s .  However, the chro m atop la te  shows t h a t  the increased  
p o l a r i t y  o f  the deve loping s o lv e n t  has the c o n t r o l l i n g  e f f e c t  and no 
sepa ra t io n  was achieved.
I t  was a ls o  thought t h a t  b e t t e r  se p a r a t io n  on AgNO^ t . l . c .  might be 
achieved i f  the chromato pla te  were developed a t  a low tem pera ture .  The 
r e s u l t s  o b ta in ed  w i t h  a p l a t e  developed in 100% n-hexane a t  -10°C d i f f e r e d  
only  s l i g h t l y  f rom those o b ta in ed  a t  room tem perature .
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An exam inat ion  o f  lkewawa's r e s u l t s  c l e a r l y  shows the r e l a t i o n s h i p  
between the p o s i t i o n  and s t e r i c  h indernace  o f  the double bond and the  
consequent g . l . c .  r e t e n t i o n  t ime o f  the compound. Although the l o c a t i o n  
of the double bond in a mono-unsaturated t r i t e r p e n e  may be t e n t a t i v e l y  
determined by r e f e r e n c e  to the g . l . c .  r e t e n t i o n  t ime and the t . l . c .  Rf .  
value as shown above,  the s p e c i f i c  p o s i t i o n  can o n ly  be determined by the  
unequivocal i d e n t i f i c a t i o n  o f  the compound. As has been mentioned  
p r e v i o u s l y ,  the i d e n t i f i c a t i o n  rel  ies t b a  g r e a t  e x t e n t  on the comparison  
of the unknown compound's mass specturm to  t h a t  o f  a s tan d a rd ,  but t h i s  
method becomes i n v a l i d  when two t r i t e r p e n e s  o f  d i f f e r i n g  s t r u c t u r e  have 
s i m i l a r  mass spectrum, ( e . g .  a  - 1upene ( 11) ,  m.s. 5 and d ip lo p t e n e  ( 3 )
m.s. 3 ) .
Locat ion o f  U n s a t u ra t io n  by the I n t r o d u c t i o n  o f  Oxygenat ion
The l o c a l i s a t i o n  o f  a double bond in a molecule by a n a l y s i s  o f  the
mass specturm o f  the  compound a f t e r  oxygenat ion o f  the u n s a t u r a t io n  has
92 93been demonstrated by W o l f f  e t  al , and by Apl in and Coles . The l a t t e r
authors d e s c r ib e  a method f o r  l o c a t i n g  the p o s i t i o n  o f  u n s a t u r a t io n  by
examinat ion o f  the mass s p e c t r a l  c rac k in g  p a t t e r n  induced by in t r o d u c t io n
of  an epox ide  group.
A s i m i l a r  p r i n c i p l e ,  but  employing an a l t e r n a t i v e  oxygen f u n c t i o n ,
was a p p l ie d  to  the  t  r i t e r p e n e s , o-d -  1 upene and d ip l o p t e n e ,  in an a t tem pt
to ach ieve  a c l e a r  d i s t i n c t i o n  between them using mass spectrom etry  a lo ne .
Such a process had p r e v i o u s l y  been used by t h i s  group to  lo c a t e
QZ|
un s a tu ra t io n  in long chain  f a t t y  ac ids . In v iew o f  t h i s ,  i t  was 
decided t h a t  osm yla t io n  o f  the t r i t e r p e n e  to produce a d i o l , fo l lo w e d  
by fo rm at io n  o f  the t r i m e t h y l s i 1y l e t h e r ,  would g iv e  a p r o d u c t ,  the mass 
spectrum o f  which would be meaningful  w i t h  regard to the p o s i t i o n  o f  the  
double bond.
ILsmyl at- f on o f  a D i te r p e n e  Hydrocarbon
The o sm y la t io n  method employed was e s s e n t i a l l y  a scaled  down v e r s i o n  
of  t h a t  used by Briggs f o r  d i te r p e n e s  | n t h i s  pro cedure ,  osmium
DIAGRAM 3 
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t e t r o x i d e  in e t h e r  is added to a s o l u t io n  o f  the d i t e r p e n e  in e t h e r  and
l e f t  o v e r n i g h t .  The e t h e r  is then evaporated  and tte t o t a l  residue
d is s o lv e d  in benzene,  p r i o r  to  bubbl ing hydrogen su lp h id e  gas through
the s o l u t i o n  to  hydro lyse  the osmate e s t e r .  Th is  causes a b lack
p r e c i p i t a t e  to  form which is removed a f t e r  c e n t r i f u g i n g .  The
t r i m e t h y l s i 1y l e t h e r  is then formed by adding a small volume o f
96N,N b i s t r i m e t h y l s i 1y lace tam ide  (Diagram 3 ) .  The procedure descr ibed
was i n i t i a l l y  used in the p resent  work w i t h  a d i t e r p e n e ,  is o -k a u re n e ,
which was adapted as a s u i t a b l e  c o n t ro l  compound. However, the is o -
kaurene was found by g . l . c .  to  co n ta in  a major  im p u r i t y ,  shown by 
97Appleton tp be an isomer, kaurene.  D esp ite  t h i s  c o m p l ic a t io n ,  the  
g . c . m . s .  a n a ly s is  demonstrated t h a t  fo u r  types o f  compound were formed,  
during  o s m y la t io n ,  in a p p r e c ia b le  q u a n t i t i e s .  The s t a r t i n g  m a t e r ia l  and 
the m a jo r  im p u r i ty  have the s t r u c t u r e s  ( l )  and ( l l ) .  The g . l . c .  t r a c e  is 
shown, ( g . c . 1 . ) .
The products o f  lowest  m ole cu la r  we ight  ( a p p ro x im a t e ly  270) were not  
assigned a s t r u c t u r e .  I t  was i n i t i a l l y  thought t h a t  the compounds were  
merely unreac ted  hydrocarbons but the mass s p e c t ra l  c ra ck in g  p a t t e r n s  
were c o m p le t e ly  d i f f e r e n t  from those o f  the s t a r t i n g  m a t e r i a l  (M.W. = 2 7 2 ) .
The mass specturm o f  a product  having a m o le cu la r  w e ig ht  o f  3&0 was 
o b t a in e d .  Th is  was assigned the  p o s s ib le  s t r u c t u r e s ,  ( i l l )  o r  ( 1V) ,  
o b t a i n a b l e  by dehydra t ion  o f  the m o n -o l , mono-T .M .S i .  e t h e r .  Iso -kau ren e  
and kaurene would each give o n ly  one such product  s in ce  a removeable 
hydrogen c/. to  the hydrogen is r e q u i r e d .  The major  g . l . c .  peaks were found by 
mass spectroscopy to represent  compounds o f  m o le cu la r  we ig ht  378. These 
compounds are thought to be the m ono-o l , mono-T .M.S i .  e t h e r ,  i . e .  v i c i n a l  
d io l s  in which o n ly  one hydroxyl  group forms an e t h e r  l i n k a g e .  Both kaurene  
and iso -ka u re n e  would each g ive  two such compounds and in f a c t  fo u r  peaks 
on the g . l . c .  t races  g ive the expected m o le cu la r  w e ig h t .  (V,  V I ,  V I I ,  £- VI I l ) .  
A small amount o f  the v i c i n a l  d i - e t h e r  (M.W. = 450)  was formed ( I X  o r  X ) . As 
o n ly  one such peak was o b ta in e d ,  i t  cannot be determined  whether kaurene or  
is o -kaurene  is the p a re n t  compound.
In a l l  th e  cases d es cr ib e d ,  s t e r i c  c o n s id e r a t io n s  d i c t a t e  t h a t  the 
osmate e s t e r  and a l l  subsequent oxygen fu n c t io n s  are a t tac he d  on t h e J / a c e .
In r e t r o s p e c t ,  p r e p a r a t i v e  t . l . c .  p u r i f i c a t i o n  o f  the supposedly pure  
s t a r t i n g  m a te r ia l  would have s i m p l i f i e d  the g . c . m . s .  a n a l y s i s ,  as would 
p r e p a r a t i v e  t . l . c .  s ep ara t io n  o f  the components o f  the r e a c t io n  m ix tu re
r-'v' vOSi(CH3)3




p r i o r  to a n a l y s i s .  However, t h i s  was a useful  cont ro l  exper iment as i t  
demonstra ted: -
a) t h a t  the method is s u i t a b l e  f o r  s c a l i n g  down to  100 
microgram q u a n t i t i e s  o r  p o s s ib ly  l e s s .
b) t h a t  the major  product  was the m o n -o l , mono-T.M.Si  
e t h e r .  (V or  V l ) .  S t e r i c  h inderance would appear to 
p revent  the fo rm at io n  o f  the d i - e t h e r  ( I X )  o r  (X) to  
any g re a t  e x t e n t .  The same c o n s i d e r a t io n  would
appear to favour  (V) as the s t r u c t u r e  o f  the major
. product .
Osmylat ion o f  T r i t e r p e n e  Hydrocarbons
The t r i t e r p e n e * ^ -  lupene,  d ip l o p t e n e  and fe rnene  were then t r e a t e d  
in the same way, the l a t t e r  being included m ere ly  to  i n v e s t i g a t e  whether  
the osm yla t io n  technique was a p p l i c a b l e  to a h indered  double bond.
B o t h « ( - l  upene ( l l )  and d ip lo p t e n e  (3 )  were shown by g .c . m . s .  to form 
predomin ant ly  the m ono-o l , mono-T .M .S i .  e t h e r  (M.W. = 516)  (XI and X I l )  
r e s p e c t i v e l y .  S t e r i c  c o n s i d e r a t i o n  suggest ,  as w i t h  isokaurene,  t h a t  the  
hydroxyl is t e r t i a r y  and the s i l y l  e t h e r  is secondary.  Fernene,  reacted  
in the same way, gave a major  g . l . c .  peak,  conf irmed by g . c . m . s . ,  
corresponding to the unreac ted s t a r t i n g  m a t e r ia l  (A ) .  A minor peak did  
give a m olec u la r  w e ight  o f  516 on g . c . m . s .  a n a l y s i s ,  corresponding  to  
the mono-ol ,  mono-ether ( X I l l ) .
©£- lupene and d i p l o p t e n e ,  which g iv e  c l o s e l y  s i m i l a r  mass s p e c t r a ,
formed products  o f  the same m o le cu la r  w e ight  a f t e r  o sm y la t io n .  The
cracking p a t t e r n s  however a re  q u i t e  d i f f e r e n t .  ( m . s . 6 and 7 r e s p e c t i v e l y ) .
The mass spectrum o f  d ip lo p t e n e  mono-ol ,  mono-T .M.S i .  e t h e r ,  ( m . s . 7 - )  showed 
a la rg e  loss  o f  103,  corresponding to CH2 -  0 -  S i (C H ^)^ ,  fo l lo w ed  by a 
la rge  loss  o f  18, ex p la in e d  by the remaining hydroxyl  coming o f f  as w a t e r .  
oL - lu p e n e ,  however,  showed an i n i t i a l  loss  o f  9 0 ,  H -  0 -  S i (C H ^ )^ ,  fo l lo w e d  
by loss o f  15,  a methyl group from one o f  severa l  p o s s ib le  p o s i t i o n s ,  ( m . s . 6 . ) .  
This demonstrates the a p p l i c a t i o n  o f  in t roduced f u n c t i o n a l i t y  to  d i f f e r e n t i a t e  
between two s i m i l a r  t r i t e r p e n e  hydrocarbons using mass spectroscopy.
P u r i f i c a t i o n  o f  T r i t e r p e n e  Hydrocarbons by M i c r o - S u b l im a t io n
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m elt in g  p o i n t  to  be quoted f o r  the .pure compound. However, _the use o f  
p r e p a r a t i v e  g . l . c .  in the s p e a r a t lo n  and p u r i f i c a t i o n  procedures le ad in g  
to the i s o l a t i o n  o f  an unknown t r i t e r p e n e  from a complex m i x t u r e ,  r e s u l t s  
in the presence o f  i m p u r i t i e s ,  such as the g . l . c .  s t a t i o n a r y  phase,  in 
the sample. Since such im p u r i t i e s  would render the m e l t in g  p o i n t  in a c c u r a t e ,  
a method was r e q u i re d  f o r  the p r e l i m i n a r y  p u r i f i c a t i o n  o f  the m a t e r ia l  by 
subl imat  i o n .
As commercia l ly  a v a i l a b l e  s u b l im a t io n  u n i t s  r e q u i r e  q u a n t i t i e s  o f  
m ater ia l  g r e a t l y  in excess o f  t h a t  i s o l a b l e  from a geo log ica l  sample, a 
u n i t  was designed and manufactured in the depar tment .  ( D e t a i l s  in the  
exper imenta l  s e c t i o n ) .  Choles tane was s e le c t e d  as a t e s t  m a t e r ia l  s ince  
i t  has a m olecu la r  we ig ht  (372)  c lo se  to  t h a t  o f  a t r i t e r p e n e  (410)  and i t  
was also  r e a d i l y  a v a i l a b l e .  A standard s o l u t i o n  o f  cho les tane  was made 
up and a l i q u o t s  i n j e c t e d  i n t o  shor t  ( l “ ) c a p i l l a r y  tubes when r e q u i re d .
A f t e r  e v a p o ra t io n  o f  the s o l v e n t ,  the tube was p laced in the s u b l im at io n  
block ,  a seal formed by p l a c in g  a glass s l i d e  over the " C ' - r i n g ,  and a 
vacuum a p p l i e d .  When a vacuum, o f  t y p i c a l l y  0 .0 2 5  mm. Hg, was reached,  
the s u b l im a t io n  u n i t  was i s o l a t e d  and the h e a t in g  s t a r t e d .  R a is in g  the  
temperature from room tem pera ture  to  200°C over a p e r io d  o f  30 minutes  
was found to  g iv e  an a cce p ta b le  su b l im a t io n  r e t u r n .  Such a re t u r n  was 
eva luated  by comparison o f  the g . l . c .  peak areas o b ta ine d  from equal  
sample volumes b e fo re  and a f t e r  s u b l im a t io n .
I t  was found t h a t  the s u b l im a t io n  o f  a l a r g e  q u a n t i t y  ( 1 . 5  mgs.) o f  
cholestane re turned  o n ly  38% o f  t h a t  amount. T h is  appears to  a r i s e  from 
the small condensat ion area  becoming covered in c r y s t a l s  and the vapour  
proceeding to  condense on a l t e r n a t i v e  s u r fa c e s .  A q u a n t i t y  o f  lOpg was 
found to  g ive  a r e t u r n  o f  70%. ( g . c . 2 . ) .  Thus 10pg. was seen to  be a 
s u i t a b l e  q u a n t i t y  o f  m a t e r i a l  f o r  s u b l im a t io n .  The successful  s u b l im a t io n  
of  3-amyrene I I  was a ls o  c a r r i e d  out  on 10pg. With q u a n t i t i e s  as low as 
I p g . ,  c r y s t a l s  were seen to subl ime but in t h i s  case th e  c r y s t a l s  forming  
on condensat ion were too small to  be seen c l e a r l y  under the m a g n i f i c a t i o n  
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D i s t r i b u t i o n  o f  N a t u r a l l y  O ccu rr in g  P e n t a c y c l i c  T r i t e r p e n e s .
Pentacycl  ic  t r i t e r p e n e s  occur w i d e l y  in the phy l / fogenet ica l  1 y h ig h es t
p la n t  d i v i s i o n ,  Angiospermophyta,  which is made up o f  contemporary
f lo w e r in g  p l a n t s .  T h is  d i v i s i o n  f i r s t  appeared in the Cretaceous
per iod (*v 70 x 10^ years )  o f  g e o lo g ic a l  t im e.  Gymnosperma, which
98includes d i v i s i o n s  P ter idospermophyta  and C o n i fe ro p h yta  , appear
99 t \to produce few p e n t a c y c l i c  t r i t e r p e n e s  . Bryophyta (mosses) and
P te r id o p h y ta  ( f e r n s ) ,  two p h y l o g e n e t i c a l 1y lower members o f  the p l a n t
kingdom produce both p e n t a c y c l i c  t r i t e r p e n e s  and p h y t o s t e r o l s  . The
occurrence o f  p e n t a c y c l i c  t r i t e r p e n e s  in T h a l lo p h y t a  is l i m i t e d  to the
l ic h e n  and a lg a e  c lasses:  th e  fungi  have,  a t  p r e s e n t ,  y i e l d e d  o n l y
. . .  . .101t e t r a c y c l i c  t r i t e r p e n e s  such as e b u r i c o i c  ac id
102
B r iesk o rn  , in a rev iew o f  the c h a r a c t e r i s t i c s  and d i s t r i b u t i o n  
of  p e n t a c y c l i c  t r i t e r p e n e s  in the p l a n t  kingdom, concludes t h a t  o n ly  h~] 
cut out  o f  300  f a m i l i e s  o f  h ig h e r  p l a n t s  c o n ta in  p e n t a c y c l i c  t r i t e r p e n e s .  
The au th o r  co nt inues  by n o t in g  t h a t  a l l  h j  appear in the Monocotyledon  
and D ico ty led o n  c lasses  o f  the angiosperms and t h a t  a c o r r e l a t i o n  can 
be drawn between the e v o l u t i o n  o f  the d ico ty led o n s  and t h a t  o f  the 
®C-amyrin t r i t e r p e n e  group from the 3 - a m y r in ,  lupeol  and germanicol  groups.
Developemtns s in ce  t h i s  review  appeared in 1958 i l l u s t r a t e  the  
d i f f i c u l t i e s  asso c ia ted  w i t h  a chemotaxonomic survey o f  g eo lo g ica l  samples 
employing t r i t e r p e n e s  as i n d i c a t o r s .  Not o n ly  has doubt been cas t  on the  
p h y l1o g e n e t ic  o r d e r  ( f o r  example the p o s i t i o n  o f  the o rd e r  A p e ta le s  in the  
d ic o t y l e d o n s ) ,  but  a ls o  p e n t a c y c l i c  t r i t e r p e n e s  have been found in p h y l 1 a 
f a r  removed from the Angiospermophyta discussed by B r ie s k o rn .  The l i c h e n s  
of  T h a l lo p h y t a  have been found to produce severa l  p e n t a c y c l i c  t  r i terpenes  , 
arid one p e n t a c y c l i c  t r i t e r p e n e  h y d r o c a r b o n ! ^ .  The d i v i s i o n  P te ro ph y ta  
produces severa l  p e n t a c y c l i c  t  r i t e r p e n e - h y d r o c a r b o n s ^  >68,69 >70 , ancj w j t h 
the l i c h e n s  a r e ,  as f a r  as is known, unique in t h i s  way. Thus the  
d i s t r i b u t i o n  o f  p e n t a c y c l i c  t r i t e r p e n e s  in the p l a n t  k ingdom'is more 
ex ten s ive  than o r i g i n a l l y  thought and o b v io u s ly  more in fo r m a t io n  on the  
top ic  has ye t  to  be o b t a in e d .
The abundant ye t  uneven d i s t r i b u t i o n  o f  such compounds in the p l a n t  
kingdom would appear to  suggest  a method f o r  the c o r r e l a t i o n  o f  g eo lo g ic a l  
sediments w i t h  the p l a n t  f a m i l i e s  occluded during  d e p o s i t io n  and hence 
provide in f o rm a t io n  reg a rd ing  the d e p o s i t io n a l  environment o f  a p a r t i c u l a r
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sediment.  For the i d e n t i f i c a t i o n  o f  p e n t a c y c l i c  t r i t e r p e n e s  o b ta ine d  from 
a g e o lo g ic a l  sample to p ro v id e  any in fo rm a t io n  p e r t a i n i n g  to d e p o s i t io n a l  
c o n d i t i o n s ,  the f o l l o w i n g  assumptions must be v a l i d :
a) B i o lo g ic a l  processes have not e s s e n t i a l l y  changed dur ing  the  
in t e r v e n in g  g eo lo g ica l  p e r io d .
b) Changes in the carbon sk e le to n  do not occur during geogenesis.
Any m olecu la r  changes are  conf ined  to chemical f u n c t i o n s ,  e . g .  
r e d u c t i o n ,  d e c a r b o x y l a t i o n .
The d i f f i c u l t i e s  a sso c ia te d  w i t h  the chemotaxonomy o f  t r i t e r p e n e s  
are apparent  when one cons iders  t h a t  angiosperms have been shown to
99conta in  t r i t e r p e n e s  pred om in an t ly  o f  the oleanane and ursane systems ,
k -  i *  u 1 0 5 , 1 0 6  . 106 , . 102but a l s o  o f  the hopane * , arborane and 1upane systems.
Phyl 1 o g e n e t i c a l 1y lower p la n t s  ( l i c h e n ,  f e r n s ,  masses) , however,  co n ta in  not  
on ly  t r i t e r p e n e s  o f  the hopane system but a ls o  o f  the ursane,  oleanane and 
gammacerane systems. I t  i£ apparent  t h a t  a c l e a r  d i s t i n c t i o n  cannot be 
made between the t r i t e r p e n e  systems produced by d i f f e r e n t  p l a n t  d i v i s i o n s .  
However, organisms in general  do appear to d i f f e r  in the s p e c i f i c  
compounds th ey  make and a ls o  in the p ro p o r t io n s  o f  the same compounds 
they  s y n t h e s i z e ,  thus a g e o lo g ic a l  sediment o f  a reasonably homogeneous 
composit ion could f o r s e e a b l y  y i e l d  in fo rm a t io n  on i t s  ge ne s is ,  provided  
the t r i t e r p e n e  chemotaxonomy was known.
Green R i v e r  Shale -  O r i g i n  and P o s s ib le  Occurrence o f  T r i t e r p e n e s
The Green R iv e r  basin in Colorado and Wyoming was occupied by a v a s t
107shal lo w l a k e  dur ing  much o f  middle Eocene t ime . I t  was the s i t e  f o r
accumulat ion  o f  f i n e ,  e v e n ly  bedded o i l  sha le s .
10 ftW.H. B ra d ley  , in a search f o r  contemporary examples s i m i l a r  to 
t h i s  Eocene l a c u s t r i n e  env ironm ent,  found fo u r  lakes producing a kind o f  
o rg an ic  coze which is judged to  be a modern analogue o f  the precursors  o f  
o i l  s h a le .  The ooze in a l l  f o u r  is p red o m in an t ly  a l g a l ,  almost  e n t i r e l y  
in the form o f  minute f eca l  p e l l e t s  and does not decay in a warm, wet  
o x i d i s i n g  envi ronment .  The fo u r  lakes c h a r a c t e r i s t i c a l l y  have a dense 
mat o f  v e g i t a t i o n  along the shores t h a t  f i l t e r s  out  most o f  the c l a s t i c
m ater ia l  and a ls o  have an e s s e n t i a l l y  f l u i d  ooze to a l i m i t e d  depth .  This  
creates c o n d i t io n s  markedly d i f f e r e n t  f rom most Temperate Zone l a k e s , , in 
tha t  the l a t t e r  support  the rap id  d eg radat ion  o f  o rg an ic  m at te r  by supporting  
anearobic b a c t e r i a  in the c l o s e l y  compacted o rg an ic  d eb r is  on the la k e -b e d .
Gas l i q u i d  chromatograms o f  the b ra n c h e d /c y c l i c  a lkane and alkene  
f r a c t i o n s  o f  the Green R ive r  sha le  t o t a l  l i p i d  e x t r a c t  show a l a rg e  number 
of  components in the s t e r a n e / t r i t e r p a n e  reg io n .  The presence o f  s teranes  
is e x p l i c a b l e  by the common occurrence o f  s t e r o id s  in a l g a e ^ ^ ,  but the  
presence o f  t r i t e r p e n e s  in the sediment suggests t h a t  e i t h e r  the presence  
of  t r i t e r p e n e s  in algae  is more common than at  p resent  thought o r  o t h e r  
classes o f  p l a n t  e . g .  l i c h e n s ,  which c o n ta in  t r i t e r p e n e s  to  a g r e a t e r  
e x t e n t ^ ^ * ^ \  p layed a g r e a t e r  p a r t  in d e p o s i t io n  than o r i g i n a l l y  thought.
I t  thus appears f e a s i b l e  to  i d e n t i f y  s p e c i f i c  t r i t e r p e n e s ,  presumed 
to be in d igenous,  in a g e o lo g ic a l  sample,  to  c o r r e l a t e  them to a c la ss  or  
species o f  p l a n t  by chemical taxonomy and,  i f  the p r e f e r r e d  environment  
of  the p l a n t  is known, to  o b t a in  in fo rm a t io n  o f  the d e p o s i t io n a l  environment
ISOLATION AND SEPARATION OF THE TOTAL L IP ID  FRACTION OF GREEN RIVER SHALE :
P r e l i m i n a r y  S ep ara t io n
I s o l a t i o n  o f  the t o t a l  o rg a n ic  so lu b le  m a t te r  f rom a sample o f  Green 
River sha le  was e f f e c t e d  by the u l t r a - s o n i c a t i o n  o f  the powdered rock in 
a p o l a r  s o lv e n t  system. Accepted procedures f o r  the f r a c t i o n a t i o n  o f  the  
t o t a l  o r g a n ic  e x t r a c t  i n t o  classes  o f  compounds, u s u a l l y  in v o lv in g  alumina  
t . l . c .  and 5A° mole cu la r  s i e v i n g ,  could not  be employed in t h i s  work on 
account o f  two f a c t o r s : -
i )  D iv e rs e  chromatographic behaviour  in the v a r io u s  o l e f i n i c  
t r i t e r p e n e  hydrocarbon s tandards .
i i )  The unknown e f f e c t  o f  o l e f i n i c  u n s a t u r a t i o n ,  in a r i g i d  
c y c l i c  system, on a 5A° s ie v i n g  process.
The procedure  adopted,  a f t e r  the u l t r a s o n i c  e x t r a c t i o n  o f  the t o t a l  
o r g a n ic - s o lu b l e  m a t e r ia l  ( 2 . 2 g ) ,  re q u i re d  g r a d i e n t - e l u t i o n  o f  the e x t r a c t  
from an alumina column, f o l lo w e d  by p r e p a r a t i v e  t h i n  l a y e r  chromatography  
( t . l . c . )  on s i l i c a  coated chromatop la tes impregnated w i t h  s i l v e r  n i t r a t e .
The p a r t i a l  s ep a r a t io n  schieved by column chromatography was demonstrated  
by t . l . c .  m o n i to r in g .  P r e p a r a t i v e  AgNO^ t . l . c .  enabled the e lu t e d  
hydrocarbon f r a c t i o n s  to be f u r t h e r  separated on the basis o f  m olecu la r  
unsaturat  ion.
The i n i t i a l  hydrocarbon f r a c t i o n  e l u t e d  from the column by hexane 
(22 mg.) showed i n f r a - r e d  ab s o rp t io n  t y p ic a l  o f  f u l l y  s a tu ra te d  molecules  
( i . r . l . ) .  The u l t r a - v i o l e t  spectrum however ( u . v . l . ) ,  a l though l a r g e l y  
ty p ica l  o f  s a tu r a te d  hydrocarbons s u g g e s t e d b y  t ra c e s  o f  absorp t ion  at  
270 -  280  mp, the p o s s ib le  presence o f  a lk y l  o r  a lkeny l  s u b s i t i  tu ted  
benzenes. The succeeding chromatographic f r a c t i o n  (101 m g . ) ,  e l u t e d  
from the column by benzene,  produced an i n f r a - r e d  specturm showing 
abso rp t ion  c h a r a c t e r i s t i c  o f  u n s a t u r a t i o n ,  p re do m ina te ly  aromat ic  
(3100 -  3000 ,  1625 -  1575, 1520 -  1490,  8 7 0 , - 8 1 0  and 680 cm- 1 ) .  Th is  
i n t e r p r e t a t i o n  was conf irmed by the u l t r a - v i o l e t  absorp t io n  which showed 
maxima o c c u r r in g  a t  200 and 235 ( i . r . 2 ,  u . v . 2 . ) .  Two f u r t h e r  column
e lua tes  were c o l l e c t e d  and both were shown by i n f r a - r e d  and u l t r a - v i o l e t  
spectroscopy to c o n ta in  compounds possessing e x t e n s i v e  o xyg en at io n ,  both 
ketonic and hydroxyl  ic ( i . r . 3 , u . v . 3 »)»
The hexane e l u a t e  was shown by the Rf va lu es  ob ta in ed  on t . l . c .  to  
contain both s a t u r a t e d  and u nsatura ted  m a te r ia l  suggest ing t h a t  the column 
chromatography had not  given as d e f i n i t e  a se p a ra t io n  as a t  f i r s t  thought .  
Perhaps the  c o l l e c t i o n  o f  s m a l l e r  f r a c t i o n s  t o g e th e r  w i t h  m onito r ing  
employing more co n cen t ra ted  a l i q u o t s  would r e a l i s e  the des i re d  s e p a r a t io n .  
However, f u r t h e r  s e p a r a t io n  o f  a 122 mg. a l i q u o t  o f  t h i s  f r a c t i o n  was 
achieved by repeated p r e p a r a t i v e  t . l . c .  Three f r a c t i o n s  were thus 
obta ined  from the hexane e l u a t e ,  comprising ( l )  the no n -p o la r  s a t u ra t e d  
m ate r ia l  (85  mg.) ( 2 ) the less  p o l a r  unsa tura ted  (24 mg.) and ( 3 ) the more 
p olar  u n sa tura ted  m a t e r ia l  ( l  m g . ) .
F r a c t i o n  ( l )  was in v e s t i g a t e d  f o r  the presence o f  unsatura ted  
t r i t e r p e n e  hydrocarbons s in ce  in the l i g h t  o f  r e s u l t s  o b ta in ed  f o r  the  
ap p ro p r ia te  s tan d ard s ,  the chromatographic behav iour o f  c e r t a i n  o l e f i n i c  
t r i t e r p e n e s  is comparable to  t h a t  o f  the corresponding  s a tu r a te d  molecu les.  
The a n a l y t i c a l  g . l . c .  o f  t h i s  f r a c t i o n  showed i t  to be a h ig h l y  complex
mixture possessing two o u ts ta n d in g  components, shown to be p r i s t a n e  and 
112phytane , a long w i t h  severa l  prominent  peaks in the C-30 reg ion .
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Mass Spectra l  A na ly s is
Since the i d e n t i f i c a t i o n  o f  i s o l a t e d  compounds was to be based 
p r i m a r i l y  on the mass s p e c t ra  ob ta in ed  by g . c . m . s .  a n a l y s i s ,  a p r i o r  
knowledge o f  the expected mass sp ec t ra  was obta in ed  from the l i t e r a t u r e .
The mass spe c t ra  o f  s t e r o i d a l  (C-27)  hydrocarbons have been e x t e n s i v e l y
in v e s t ig a t e d  and are  p e r t i n e n t  to t h i s  i n v e s t i g a t i o n  since  the s t r u c t u r e s
of  s teranes are  such t h a t  o n l y  small d i f f e r e n c e s  in chromatographic behaviour
between s te r a n e s ,  t r i t e r p e n e s  and h indered t r i t e r p e n e s  might be expected .
El im in a t io n  o f  the s id e  chain p lus  42 mass u n i t s  is one o f  the most common
11 3fea tu re s  in the mass sp e c t ra  o f  C—17 s u b s t i t u t e d  s te r a n e s .  Biemann
summarises the v a r io u s  processes invoked to r a t i o n a l i s e  t h i s  f r a g m e n t a t io n ,
1 14but B udz ik iew iez  e t  al conclude t h a t  f rag m en ta t io n  I is most l i k e l y  to  
be o p e r a t i v e .  The cleavage  shown r e s u l t s  in a fragment a t  m/ e  217.  E l i s i o n  
of  r ing  D a ls o  occurs w i t h o u t  hydrogen t r a n s f e r  a f f o r d i n g  a fragment o f
m/ e  218.  The fo rm at ion  o f  the fragment o f  m/ e  149 corresponding  to the
114s t r u c t u r e  I I  is a ls o  discussed by B u d z ik ie w ie z  e t  al
Tha m a s s s p e c t r a  o f  s t e r o i d a l  o l e f i n s  are a ls o  d iscu ssed ,  but o n ly  
of those formed du r in g  mass s p e c t r a l  i n v e s t i g a t i o n  by t h e r m a l l y  induced 
1 , 2 e l i m i n a t i o n  o f  a lcohol  o r  a c e t a t e  groups.
P e n t a c y c l i c  t r i t e r p e n e  hydrocarbons however,  have a d i s t i n c t i v e
cracking p a t t e r n  q u i t e  d i f f e r e n t  from t h a t  o f  s t e r a n e s .  D je r a s s i  and 
? 49 50co-workers , note the f requency  w i t h  which an in tense  fragment a t  
m/ e  191 occurs in the mass s p e c t ra  o f  such compounds. The absence o f  
th is  prominent  f ragment is not  c o n c lu s iv e  p ro o f  o f  the absence o f  a 
p e n t a c y c l ic  t r i t e r p e n e  hydrocarbon since  the fo rm at ion  o f  the fragment  
at  m/ e 191 mere ly  re q u i re s  r ings A and B o f  the system to  be s a t u r a t e d  
and u n s u b s t i t u t e d .  Confusion may s t i l l  a r i s e  from the mass sp e c t ra l  
i n t e r p r e t a t i o n ,  as f r i e d e l a n e  (C—30} and some o f  i t s  d e r i v a t i v e s  show 
f ragments a t  m/ e  149,  217  and 259  which are a l l  a sso c ia te d  w i t h  s t e r a n e s ^ * * .  
Also fragments a t  m/ e  149, 217 and 2 1 8 , prominent  in the mass s p ec t ra  o f  
cholestane and o t h e r  s teranes  are  o f  no consequence in the mass spectrum 




50F u r th e r  confusion would appear to r e s u l t  from Karl  in er  and D j e r a s s i ' s  mass 
spectra l  s tu d ies  on two pentacycl  ic t r i t e r p e n e s ,  ^  oleanene and ^  
ursene which reveal  a base peak in both cases o f  m/ e  2 1 8 , a t y p i c a l  s terane  
f ragment.  However, a f ragment does appear a t  m/ e  191,  corresponding to ( i l l )  
or ( I V ) ,  thus showing a t r i t e r p e n e  to be p r e s e n t .  The authors reason t h a t  
( IV )  is the e n e r g e t i c a l l y  more f a v o u ra b le  fragment and g ive  the c leavage  
mechanism f o r  i t s  f o r m a t io n .  ( V ) .  The fragment a t  m/ e  218 is q u i t e  
d i f f e r e n t  f rom t h a t  o b ta in e d  f o r  a s te ra n e  and the authors s t a t e  one 
resonance form to  be ( V I ) .
COLLECTION OF INDIVIDUAL COMPONENTS
F r a c t io n  1. -  S a tu r a te d  A lkan e s ,  Steranes and T r i t e r p a n e s .
C o l l e c t i o n  o f  c e r t a i n  i n d iv i d u a l  components o f  F r a c t i o n  1,  s e le c t e d  
on the c r i t e r i a  o f  t h e i r  being represented  on the g . l . c .  t r a c e  by ma jo r ,  
w e l 1- r e s o l v e d  peaks in the C-30 re g io n ,  was achieved by p r e p a r a t i v e  g . l . c .
In a l l ,  s ix t e e n  f r a c t i o n s  were c o l l e c t e d  and e le ven  t e n t a t i v e l y  i d e n t i f i e d  
from t h e i r  micro i n f r a - r e d  and mass s p e c t r o m e t r ic  d a ta .  Of the e l e v e n ,  
e ig h t  were thought to  be p e r t i n e n t  to  t h i s  i n v e s t i g a t i o n ,  ( g . c . 3 . ) *  F iv e  
i s o la t e d  components, by exam in at io n  o f  t h e i r  r e s p e c t iv e  mass s p e c t r a l  
crack ing  p a t t e r n s  were thought to  be s te ra n e s .  The m olec u la r  ions 
obta ined  f o r  t h re e  ( 3 2 7 , 3 8 6 , A0 0 ) corresponded to  the s teranes  c h o le s ta n e ,  
( I X ) ,  e rgostane  ( X ) , and s i t o s t a n e  ( X l )  r e s p e c t i v e l y .  The mass spectrum  
o f  the supposed c h o le s t a n e ,  a l though showing the presence o f  small amounts 
of  im p u r i t i e s  was v e r y  s i m i l a r  to  t h a t  o f  an a u t h e n t i c  sample. F u r t h e r  
support f o r  the a s s i g n a t i o n  was the c lose  s i m i l a r i t y  between the g . l . c .  
r e t e n t io n  t imes o f  the i s o l a t e d  f r a c t i o n  and a u t h e n t i c  ch o lestane  taken  
on a c a p i l l a r y  column. A u t h e n t ic  samples o f  e rgostane  and s i t o s t a n e  could  
not be o b ta in ed  thus p re v e n t in g  d i r e c t  comparisons o f  the i s o l a t e d  components.  
The two remaining s t e r o i d a l  molecules were not assigned a s t r u c t u r e  but  
appear to  have m o le c u la r  w e ights  o f  360 and U58 r e s p e c t i v e l y ,  the mass sp e c t ra l  
crack ing p a t t e r n s  o f  each suggest ing they  possessed a s t e r o i d a l  carbon  
s ke le to n .  The micro  i n f r a - r e d  s p e c t r a  o f  a l l  f i v e  f r a c t i o n s  mere ly  showed 
the absence o f  any u n s a t u r a t io n  o r  o t h e r  f u n c t i o n a l i t y .
Two s a t u r a t e d  t e r p e n o i d s ,  one a C-30 compound, the o t h e r  a C-AO, were  
t e n t a t i v e l y  ass igned the s t r u c t u r e s  o f  gammacerane ( X I l )  and c aro tan e  (XI I l )  
on the bas is  o f  t h e i r  mass s p e c t r a .  The micro i n f r a - r e d  sp e c t ra  again  showed
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the presence o f  s a t u r a t e d ,  u n s u b s t i tu te d  molecules.  Comparison o f  the mass 
and i n f r a - r e d  s p ec t ra  o f  each w i t h  those o f  a u t h e n t i c  samples i l l u s t r a t e d  
a close agreement.  However, i t  must be emphasised t h a t  the mass and i . r .  
spectra o f  s a t u r a t e d  p o l y c y c l i c  hydrocarbons o f t e n  do not d i f f e r  f rom those  
of o th e r  compounds in the same c la s s .
Yet  another  component was assigned a t r i t e r p e n o i d  s t r u c t u r e  on the  
basis o f  mass sp e c t ra l  ev idence -  a C—31 s a tu ra te d  hydrocarbon o f  m olecu la r  
weight 4 2 8 .  In a d d i t i o n  a component was found to have a t y p ic a l  
t r i t e r p e n o i d  mass spectrum, al though i t  had a m o lecu la r  ion two mass u n i ts  
less than t h a t  o f  s a t u r a t e d  hydrocarbon ( 4 1 2 ) .  The im p l i c a t io n  t h a t  t h i s  
component was an unsatura ted  t r i t e r p e n e  hydrocarbon was not f u l l y  
s u b s ta n t ia te d  by i n f r a - r e d  spectro scopy,  as the absorp t ion  possessed o n ly  
a t ra ce  o f  t h a t  a r i s i n g  from u n s a t u r a t io n  ( ^ 3 0 2 0  cm 1650 cm ^) .  The 
mass spectrum in a d d i t i o n  to  having a base peak a t  m/ e  191 a lso  showed la r g e  
f ragments corresponding to  the loss  o f  15 (m ethy l)  and 43 ( i s o - p r o p y l )  mass 
uni ts from the p a re n t  ion. The mass spectrum is v i r t u a l l y  i d e n t i c a l  to t h a t  
of a s ta n d ard ,  moretflpe, except  o f  course the p aren t  ion ( M ) , (M - 15 ) and (M-43)  
a l l  occur a t  2 mass u n i t s  below t h a t  o f  the s a t u r a t e d  s tandard .  The 
corresponding u nsatura ted  s tan d ard ,  moret^ne, does not  e x h i b i t  a s i m i l a r  
mass sp e c t r a l  c rack in g  p a t t e r n .  The above c o n s id e r a t io n s  suggest the  
p o s s i b i l i t y  o f  erroneous count ing  in the low r e s o l u t i o n ,  high mole cu la r  
weight  p a r t  o f  the mass spectrum but co n c lu s iv e  p roof  o f  i d e n t i t y  could  
be obta in ed  employing the methods discussed l a t e r  when s u f f i c i e n t  m a t e r ia l  
becomes a v a i l a b l e ,  (see m.s.  8 , 9 and 1 0 ) .
W h i l s t  p r e p a r a t i v e  g . l . c .  c o l l e c t i o n s  were l a r g e l y  conf ined  to pure 
components as shown by the g . l . c .  t r a c e ,  some i m p u r i t i e s  were p res en t  in 
c e r t a in  components. Since the micro i n f r a - r e d  sp ec t ra  were recorded  
p r i o r  to g . c . m . s .  a n a l y s i s ,  the ab so rp t io n  sp ec t ra  cannot be regarded as 
f u l l y  c h a r a c t e r i s t i c  in the a p p r o p r ia t e  cases where im p u r i t i e s  occur.
The i n f r a - r e d  spectrum o f  f r a c t i o n  (2)  ( i . r . 4 . )  o f  the hexane e l u a t e  
showed t h a t  the c o n c e n t r a t io n  o f  the u n satura ted  m a t e r i a l ,  compared to  
that  shown by the i . r .  o f  the t o t a l  hexane e l u a t e ,  had g r e a t l y  increased  
and was seen to  be pred o m in a te ly  a rom at ic  in n a t u r e .  F u r t h e r  in fo rm a t io n  
regarding the type o f  u n s a t u r a t io n  p resent  was prov ided  by n . m . r .  and 
u-v.  spec t rom etry .  The u l t r a - v i o l e t  ab so rp t io n  ( u . v . 4 . )  ( 2 2 0 ,  270 ,  273 
and 280 ny) is c h a r a c t e r i s t i c  o f  a l k y l  o r  a lken y l  benzenes. The ab so rp t io n
a t  270 nV- ' s v e r y  s i m i l a r  t o  t h a t  o b t a i n e d  f o r  a l k y l  and c y c l o - a l k y l
116benzenes i s o l a t e d  from Recent marine sediments . The n .m . r .  spectrum 
showed the presence on o n ly  a l i m i t e d  number o f  a romatic  protons ( 2 . 9  -  3 - 2 "T7) 
in comparison to methylene ( / v 8 . 7 5 ' ’£)  and methyl ( 9 . 1 5 ^ )  p rotons .  S i m i l a r l y  
l i m i t e d  was the presence o f  methine ( 7 . 7  T )  p ro to n s .  No o l e f i n i c  proton  
s ig na ls  are  re s o lv e d ,  which suggests t h a t  the aromatic  n u c le i  are h i g h l y  
s u b s t i t u t e d  w i t h  long a l i p h a t i c  s id e  chains which are in tu rn  h i g h l y  
s u b s t i t u t e d .  Since t h e r e  a re  v e r y  few methine groups p r e s e n t ,  the a l i p h a t i c  
s u b s t i t u t i o n  would appear to  be t e r t i a r y .
F r a c t i o n  2.  -  P o s t u l a t e d  A l k e n y l  A r o m a t i c s
Although no o l e f i n i c  t r i t e r p e n e s  were thought to  be pres en t  in t h i s  
f r a c t i o n ,  the s t r u c t u r e s  o f  the a rom at ic  compounds v/ere adjudged to be o f  
s u f f i c i e n t  i n t e r e s t  f o r  f u r t h e r  a n a l y s i s .  Consequently ten i n d iv id u a l  
components were i s o l a t e d  and c o l l e c t e d  by p r e p a r a t i v e  g . l . c . ,  p r i o r  to  
o b ta in i n g  micro i n f r a - r e d  and mass s p e c t ra ,  ( g . c . 4 . ) .  Several  components 
demonstrated i n f r a - r e d  s p e c t ra  w i t h  in tense  aro mat ic  ab s o rp t io n  ( e . g .  
component i i i ,  3 1 0 0 , 3 0 2 0 , 1 6 0 5 , 1409,  955  and 885  cm ^) ;  however,  one 
component (component x v i i )  e x h i b i t e d  u n s a t u ra t io n  o f  a p u r e ly  o l e f i n i c  
nature  ( >  3 0 0 0 , 1 6 1 0 , 975  and 855  cm ^ ) ,  suggest ing a t rans  or  p o s s ib ly  
t r i - s u b s t i t u t e d  double bond. ( i . r .  5 and 6 r e s p e c t i v e l y ) .  An a ttempt  
to record the micro  u . v .  s p e c t ra  o f  c e r t a i n  components f a i l e d  because 
i n s u f f i c i e n t  m a t e r i a l  was a v a i l a b l e .  The i . r .  and n . m . r .  da ta  presented  
above suggest  the arom at ic  e n t i t i e s  could be a l k y l ,  a lkeny l  o r  c y c l o - a l k y l  
s u b s t i t u t e d  benzenes.  The occurrence  o f  a lk y l  benzenes in petr o leum  is - 
mentioned by Hood ^  and o f  a lkeny lbenzenes  in sediments by Meinschein ^
A d is cu ss io n  on the mass s p ec t ra  o f  a l k y l  benzenes is made by Hood as 
p ar t  o f  a mass s p e c t r a l  study o f  the m o lecu la r  s t r u c t u r e  o f  pet ro leum . The 
author s t a t e s  t h a t  t y p i c a l  pet ro leum a l k y l  benzenes do not c o n ta in  two or  
more m ed iu m - to -1ong a lk y l  s u b s t i t u t e s  on the r in g  but ins tead  have one 
long chain and severa l  methyl groups a t tac h ed  to  the r i n g .  The mass 
spectr a l  a n a l y s i s  used to  s u b s t a n t i a t e  t h i s  s tatem ent show t h a t  the crack in g  
p a t te r n  f o r  any long chain a lk y l  benzene is as d e p ic te d  in V I I .  Mono, d i ,  
t r i  and t e t r a  a l k y l  benzenes a l l  show ou ts ta n d in g  peaks in t h e i r  mass spect ra  
at m/ e  CnH2 n- 7 .  Cn corresponding to the sum o f  the number o f  atoms in the  
r in g ,  the methyl s u b s t i t u e n t s  and the res id ua l  methylene o f  the long chain  
subst i t u e n t .
The a r o m a t i c  compounds i s o l a t e d  i n  t h i s  i n v e s t i g a t i o n  were found  by 
g . c . m . s .  a n a l y s i s  t o  c e r t a i n  t i p ' s  do u b le  bond e q u i v a l e n t s ,  c o r r e s p o n d i n g  
t o  a benzene r i n g  ( c o n f i r  . d by i . r .  and u . v .  a b s o r p t i o n )  t o g e t h e r  w i t h  
e i t h e r  an o l e f i n i c  d o u b l  nd, p o s s i b l y  i n  c o n j u n c t i o n  w i t h  t h e  r i n g  o r  
a c y c l o - a l k y l  s u b s t i t u e n t .  An e x a m i n a t i o n  o f  t h e  mass spec t rum  o f  
component i i i  (m .s .  1 1 ) i l l u s t r a t e s  t h e  c r a c k i n g  p a t t e r n  d e s c r i b e d  by 
Hood. The p a r e n t  i o n  o c c u r s  a t  m/ e  216 (C-^g f " ^ ) *  t he  base peak m/ e  105, 
w h ic h  i f  a s s ig n e d  t o  t h e  m a jo r  f r a g m e n t  o f  t he  s e r i e  s ^ n ^ 2n**^» shows th e  
a r o m a t i c  n u c l e u s  t o  be d i - s u b s t i t u t e d  w i t h  one m e th y l  g r o u p .  Component VA 
(C2o H2 2 ) on t h e  o t h e r  hand ,  a l t h o u g h  show ing a f r a g m e n t  a t  m/ e  10b ,h a s  a 
v e r y  much more i n t e n s e  f r a g m e n t  a t  m/ e  119 show ing th e  a r o m a t i c  r i n g  t o  be 
t r i - s u b s t i t u t e d  w i t h  two m e th y l  g roups  and one l o n g  c h a i n  a l k y l  
s u b s t i t u e n t ,  ( m . s . 1 2 ) .
The m ic r o  i . r .  c e l l  a v a i l a b l e  f o r  t h i s  work a l l o w e d  t h e  use o f  o n l y  
CCI4 s o l u t i o n s ,  c o n s e q u e n t l y  t h e  s u b s t i t u t i o n  p a t t e r n  on th e  a r o m a t i c  r i n g s  
c o u l d  o n l y  be d e te r m in e d  by r e p e a t  i n f r a - r e d  s p e c t r a ,  r e c o r d e d  i n  a non ­
a b s o r b i n g  s o l v e n t  (CS2 ) .  However , t h e  t o t a l  f r a c t i o n  (2 )  showed i n  i t s
i n f r a - r e d  a b s o r p t i o n  an a r o m a t i c  s u b s t i t u t i o n  p a t t e r n  o f  1 : 3 : 5 a n d / o r  
1 : 3 ( i . r . 4 ) .
The compounds i s o l a t e d  were t h o u g h t  t o  be a l k e n y l  benzenes ,  r a t h e r  
th a n  c y c l o - a l k y l  benzenes f o r  th e  f o l l o w i n g  r e a s o n s : -
( i )  The mass s p e c t r a l  base peaks t y p i c a l l y  b e lo n g  t o
t h e  Cn H2n- 7  s e r i e s  (91 ,  105,  119 e t c . ) .
( i i )  The m/ e  120 peak i s  l a r g e  as i t  i s  b o th  an i s o t o p e
peak o f  119 and a r e a r r a n g e m e n t  peak .  To produce  
t h i s  l a t t e r  ( r e a r r a n g e m e n t )  peak a s i d e  c h a i n  o f
a t  l e a s t  t h r e e  ca rbon  atoms i s  r e q u i r e d  w i t h  a
hyd rogen  on th e  t h i r d  c a rbon  atom.
( i i i )  The p a r e n t  i o n s  a re  r e a s o n a b l y  l a r g e  s u g g e s t i n g  a
c o n s i d e r a b l e  s t a b i l i t y .
( i v )  The d o u b le  bond e q u i v a l e n t s  and th e  i . r .  a b s o r p t i o n
d a t a  s u p p o r t  t h e  p resence  o f  a d o u b le  bond .
One a p p a r e n t l y  c o n t r a d i c t o r y  f a c t  a r i s e s ,  namely ,  t h a t  too  many 
a l k y l  i o n s  a re  p roduced  i n  t h e  55,  69,  83 s e r i e s .  However , a d o u b le  bond 
i n  a s i d e  c h a i n  would h e l p  t o  s t a b i l i s e  any i o n  formed and c o u l d  cause the  
more i n t e n s e  peaks wh ich  a re  o b s e r v e d .  Component x v i i  o f  t h i s  p r e d o m i n a t e l y  
a r o m a t i c  f r a c t i o n  d e m o n s t r a te d  a mass s p e c t r a l  c r a c k i n g  p a t t e r n  q u i t e  
d i f f e r e n t  f rom  t h a t  o f  t h e  a l k e n y l  benzenes .  The m o l e c u l a r  i o n  was found  
t o  o c c u r  a t  m/ e  410,  c o r r e s p o n d i n g  t o  t h a t  o f  a m o n o - u n s a tu r a te d  t r i t e r p e n e  
h y d r o c a r b o n ,  ( m . s . 1 3 ) .  The base peak o c c u r r e d  a t  m/ e  135,  an i o n  wh ich  
i s  p r e s e n t  i n  t h e  s p e c t r a  o f  t h e  m a j o r i t y  o f  t r i t e r p e n e  h y d r o c a r b o n s  b u t  
which o n l y  a t t a i n s  com parab le  p rom inence  i n  t h e  mass s p e c t ru m  o f ^ - l u p e n e .  
Other  p r o m i n e n t  f r a g m e n t s ,  a s s o c i a t e d  w i t h  t r i t e r p e n e s ,  o c c u r  a t  m/ e  161,
175, 191 and 231,  i n  a d d i t i o n  t o  f r a g m e n t s  due t o  l o s s  o f  a m e th y l  group  
((Yl-15, m/ e  395)  and l o s s  o f  an i s o - p r o p y l  group  (IY1-43, m/ e  3 6 7 ) .  The 
l a t t e r  f r a g m e n t  i s  u n i q u e l y  i n t e n s e ,  com parab le  i n t e n s i t y  a g a in  o n l y  b e in g  
a t t a i n e d  i n  t h e  s p e c t r a  o f  > j - lupe ne  w h ic h  possesses  s t r u c t u r e  (13 )  i n  t h e  
t a b l e  o f  s t a n d a r d s .  However ,  V - l u p e n e  has a base peak a t  m/ e  341 (IY1-69) 
which does n o t  appear  a t  a l l  i n  t h e  mass spec t rum  o f  component  x v i i .
The m ic ro  i n f r a - r e d  a b s o r p t i o n  o f  t h e  component i s  a t t r i b u t a b l e  t o  a 
t r i s u b s t i t u t e d  d o u b le  bond (1675,  1610 and 855 cm"^-).
Thus component x v i i  i s  t h o u g h t  t o  be a p e n t a c y c l i c  t r i t e r p e n e  
h y d ro ca rb o n  p o s s e s s in g  no u n s a t u r a t i o n  o r  s u b s t i t u t i o n  i n  r i n g s  A and B, 
a t r i s u b s t i t u t e d  d o u b le  bond and one i s o - p r o p y l  g r o u p .  The p a r t i a l  
s t r u c t u r e  ( V I I I )  would  e x p l a i n  t h e  i n f r a - r e d  a b s o r p t i o n ,  and the  l a r g e  
(flfl-43) peak i n  t h e  mass s pe c t ru m  c o u l d  be e x p l a i n e d  by th e  s t a b i l i t y  p r o v i d e d  
by t h e  o l e f i n i c  bond ,  t o  t h e  r e s u l t i n g  i o n .
F r a c t i o n  A -  Long Chain A lk anes
The l e a s t  p o l a r  f r a c t i o n  ( f r a c t i o n  A ) ,  i s o l a t e d  by p r e p a r a t i v e  t . l . c . ,  
o f  t he  benzene e l u a t e  was t h o u g h t  t o  be i n t e r e s t i n g  as th e  g . l . c .  was 
unusua l  f o r  a Green R i v e r  h y d ro c a rb o n  f r a c t i o n  i n  n o t  h a v in g  a wide 
m o l e c u l a r  w e i g h t / b o i l i n g  p o i n t  d i s t r i b u t i o n .  I n s t e a d ,  a g roup  o f  peaks 
appeared i n  t h e  C-30 r e g i o n  o f  t h e  t r a c e .  G . c . m . s .  a n a l y s i s  o f  t he
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components  showed them t o  be s i x  s a t u r a t e d  no rm a l  h y d ro c a rb o n s  r a n g i n g  
f rom n-C28 t o  n -C 33 i n c l u s i v e .
The d i f f i c u l t i e s  a s s o c i a t e d  w i t h  s t r u c t u r e  d e t e r m i n a t i o n s  o f  p e n t a c y c l i c  
t r i t e r p e n e s  by mass and i n f r a - r e d  s p e c t r o s c o p y  a lo n g  have been made o b v io u s  
i n  t h i s  w o rk .  C lose s t r u c t u r a l  s i m i l a r i t i e s  i n  many cases  cause v e r y  
s i m i l a r  mass and i . r .  s p e c t r a  t o  be o b t a i n e d .  F u r t h e r  c h a r a c t e r i s a t i o n  o f  
th e  i s o l a t e d  and s ta n d a r d  compounds e m p lo y in g  a v a r i e t y  o f  t e c h n i q u e s  would 
g r e a t l y  f a c i l i t a t e  th e  c o n c l u s i v e  s t r u c t u r e  d e t e r m i n a t i o n  which i s  r e q u i r e d o  To 
t h i s  end,  s e v e r a l  t e c h n i q u e s  a re  b e in g  d ev e lo p e d  i n  t h e  group  i n c l u d i n g  
c a p i l l a r y  g . l . c .  and g . c . m . s . ,  m ic r o  z o n e - m e l t i n g ,  m ic r o  n . m . r .  and m ic r o  O.R.D. 
measurements.  In a d d i t i o n ,  t h e  t e c h n i q u e s  o f  m i c r o - s u b l i m a t i o n  and th e  
i n t r o d u c t i o n  o f  f u n c t i o n a l i t y  t o  an o l e f i n i c  t r i t e r p e n e  on a m i c r o - s c a l e  
have been dev e loped  i n  t h e  c o u rs e  o f  t h i s  r e s e a r c h .  The f o r m e r  t e c h n i q u e  i s  
r e q u i r e d  t o  remove i m p u r i t i e s  such as g . l . c .  s t a t i o n a r y  phase f rom  i s o l a t e d  
f r a c t i o n s  p r i o r  t o  f u r t h e r  c h a r a c t e r i s a t i o n ,  t h e  l a t t e r  i s  used t o  p roduce  a 
more c h a r a c t e r i s t i c  mass s pec t r um  f o r  any p a r t i c u l a r  o l e f i n i c  t r i t e r p e n e .  The 
a p p l i c a t i o n  o f  such t e c h n i q u e s  w i l l  o b v i o u s l y  a i d  t h e  c h a r a c t e r i s a t i o n  o f  
compounds a v a i l a b l e  o n l y  i n  m ic rogram  q u a n t i t i e s .
EXPERIMENTAL
The general  methods o f  i s o l a t i o n  and a n a ly s is  are discussed,  fo l lo w ed  
by an account o f  the s p e c i f i c  experimenta l  procedure.
General Methods
T h i n - l a y e r  Chromatography ( t . l . c . )
S i l i c a  gel ( K ie s e lg e l  G-E Merck) impregnated w i t h  10% by weight  s i l v e r
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n i t r a t e  was used as adsorbent  . The glass p l a t e s  were coated w i t h  a s l u r r y  
of  the  adsorbent  in d i s t i l l e d  w a te r  on a motorised  t . l . c .  spreader  (B a i rd  
& T a t l o c k ,  London).  A f t e r  a i r  d r y i n g ,  the p l a t e s  were a c t i v a t e d  at  120° f o r  
approx im ate ly  one hour and s tored  in a des$fccator over s e l f - i n d i c a t i n g  
s i l i c a  gel g ran u le s .  S to rag e ,  w i t h o u t  r e q u i r i n g  r e a c t i v a t i o n ,  was l i m i t e d  
to one day. L i g h t  was excluded from th e  d e s s i c a t o r .  P r e p a r a t i v e  p l a t e s  
were developed w i t h  e th y l  a c e t a t e  p r i o r  to a c t i v a t i o n  and samples were  
loaded by means o f  a 50 or  100p 1. Hamil ton s y r in g e .  P r e p a r a t i v e  p l a t e s  
(20 x 20 cm) had an adsorbent  c o a t in g  o f  1 m.m. th ic k n e s s .  n-hexane was 
used f o r  development unless o th e rw is e  s t a t e d .  D e t e c t io n  was achieved by 
spraying w i t h  50% s u lp h u r i c  ac id  fo l lo w e d  by c h a r r in g  a t  200°C ( f o r  
a n a l y t i c a l  p l a t e s )  o r  by spray in g  w i t h  a 0 . 2% s o l u t i o n  o f  dich^fcro-  
f l u o r e s c e i n  or  rhodamine G in ethanol  and v iewin g under u .v .  l i g h t  (25*+ mp.). 
Recovery o f  the sample was ach ieved by e t h e r  e x t r a c t i o n  o f  th e  adsorbent  
m ater ia l  in an e x t r a c t i o n  funnel f i t t e d  w i t h  a d e f a t t e d  co t to n  plug and a 
la y e r  o f  n e u t r a l  a lumina to  r e t a i n  the  dye.
I n f r a - r e d  Absorp t ion  Spectroscopy ( i . r . )
Rout ine spec t ra  were recorded on a P e rk in - E lm e r  257 g r a t i n g  spectrom eter  
(accuracy -  5 cm  ^ above 2000 cm  ^ and -  2 cm  ^ below 2000 cm ^) .  F r a c t io n s  
i s o la te d  by p r e p a r a t i v e  g . l . c .  were d is s o lv e d  in CCl^ ( r *  k  p i )  and the sp ec t ra  
recorded ( on a /  ko pg)  on the P .E .  257 inst rument using a m i c r o - c e l l  (0.5m.m;  
capac it y  ^ 2 . 5  p i ) .  A beam condenser was used in these cases.
U l t r a - v i o l e t  Absorp t ion  Spectroscopy ( u . v . )
The u .v .  s p e c t ra  were recorded on a Unicam SP 800 spectrophotom eter .  The 
s l i t  w id th  was se t  a t  the minimum 0 . 0 2  m.m. w i t h  normal programme energy.  
Routine sp e c t ra  were recorded employing a 10 m.m. c e l l  but f o r  in d iv i d u a l
components a . u . v .  m i c r o - c e l l  ( R . I . I . C .  u .v .  01)  was used ( 1 m.m; ^ 2 0  p i ) .  
A l l  sp ect ra  were run in Spectrosol  n-hexane a f t e r  the high c o n c e n t ra t io n  o f  
aromatics in d i s t i l l e d  A n a la r  n-hexane was no t iced  ( u . v . 5 and 6 ) .
G a s - l iq u id  Chromatography ( g . l . c . )
A na ly t  i cal  : P e rk in - E l  rner F . l l  ins t ru ments ,  each equipped w i t h  a hydrogen
f lame i o n i s a t i o n  d e t e c t o r ,  were used f o r  a n a l y t i c a l  g . l . c .  S t a i n l e s s  
steel  columns, 1 / 8  in .  (6  o r  10 f t .  in l e n g th )  o r  1 / 1 6  in .  (10  f t .  in l e n g th )  
in d iameter  were employed unless o th erw ise  s t a t e d .  N i t ro g en  was used as 
c a r r i e r  gas a t  f lo w  ra tes  o f  20 -  30 m l . / m i n .  The l i q u i d  phases were;
1% and 3% SE-30 (A p p l ie d  S c ie n c e ) ;  3% 0V-1 (A p p l ied  S c ie n c e ) .  L in e a r  
tempera ture programming was u s u a l l y  from 100 -  2 5 0 °  o r  300 °  a t  * f° /m in.
The supports used were Gas Chrom P (100 -  120 mesh, ac id  washed and 
s i l a n i z e d ,  A pp l ie d  Science)  and Gas Chrom Q, (60 -  80 mesh, ac id  washed 
and s i l a n i z e d ,  A p p l ied  S c i e n c e ) .  Columns were c o n d i t io n ed  by h e a t in g  
from room temperatu re  to 300°C a t  l ° / m i n .  and m a in ta in ed  a t  300°C f o r  
2 k  hours.
Prep a ra t  ?ve „ : Wi lkens  Aerograph A90P-3 in s t rum ents ,  each equipped w i t h  a
thermal c o n d u c t i v i t y  d e t e c t o r ,  were used f o r  p r e p a r a t i v e  g . l . c .  Copper 
o r  s t a i n l e s s  s tee l  (20 f t . )  columns i  or  1 / 8  in .  in d iam eter  were used. The 
columns were packed w i t h  3% SE-30 on Gas Chrom P (100 -  120 mesh, ac id  
washed and s i l a n i z e d )  o r  3% SE-52 on Chromasorb W (100 -  120 mesh, ac id  
washed and s i l a n i z e d ) .  (Wi lkens  Aerograph) .  The c a r r i e r  gas was hel ium
w i t h  f lo w  ra te s  o f  a p p ro x im a te ly  60 m l . / m i n .  a t  a pressure  o f  60 p . s . i .
I n j e c t o r  and d e t e c t o r  temperatures  were 275 and 320 °C r e s p e c t i v e l y .
C o l l e c t i o n  o f  a r e q u i s i t e  f r a c t i o n  was e f f e c t e d  by t ra p p in g  the e l u a t e  in 
a glass m e l t i n g - p o i n t  c a p i l l a r y  (10cm x 1 m .m . ) .  A f t e r  c o l l e c t i o n  both 
ends o f  the c a p i l l a r y  were sea led  w i t h  a small f lam e .  The e f f i c i e n c y  o f  
c o l l e c t i o n  was 60 -  70%. S u f f i c i e n t  m a t e r ia l  o f  each component f o r  
micro i . r .  examinat ion  was i s o l a t e d  by repeated c o l l e c t i o n s  in the same 
c a p i l l a r y  f o r  corresponding peaks on the  chromatogram. The c a p i l l a r i e s  
were p re - c l e a n e d  by s o n ic a t io n  in d e te rg e n t  s o l u t i o n ,  r i n s i n g  tho ro u g h ly  
w i th  d i s t i l l e d  w a te r  and acetone ,  and a f i n a l  s o n ic a t io n  in ch lo ro form .
Both ends o f  each c a p i l l a r y  were f l a m e - p o l is h e d  to p rev en t  contam in a t ion
from the s i l i c o n e  rubber septa .
Combined Gas Chromatography -  Mass Spectrometry  (G.C. -  M .S . )
The f r a c t i o n s  trapped by p r e p a r a t i v e  g . l . c .  were examined by G . C . -  M.S.  
using the L .K .B .  9000 gas chromatograph -  mass spectrom eter .  The columns 
used were 10 f t .  x 3 m.m. i . d .  glass columns packed w i t h  1% S.E.  30 on Gas 
Chrom P (100 -  120 mesh, ac id  washed and s i l a n i z e d ) .  The c a r r i e r  gas,  
hel ium,  had a f lo w  r a t e  o f  30 m l . / m i n .  The mass spectrometer  had a 
scanning p er io d  o f  ap p ro x im a te ly  k  seconds. An a c c e l e r a t i n g  v o l t a g e  o f
3 .5  kV was used in combinat ion w i t h  an e l e c t r o n  energy o f  70eV. The 
m u l t i p l i e r  v o l t a g e  s e t t i n g  v a r i e d  from 1 .7  to 2 .3eV and the se p ara to r  
tem pera ture was 250 ° .
Other procedures
At a l l  s tages ,  p rec au t io n s  were taken to min imise contamin at io n  and 
poly thene  gloves were worn a t  a l l  manual o p e r a t io n s .
A l l  so lv en ts  were o f  " A n a la r "  grade and were d i s t i l l e d  through an 
18 in .  column packed w i t h  g lass  h e l i c e s .  Before  d i s t i l l a t i o n  the so lv ents  
were heated under r e f l u x  (30  m in . )  and o f  2 1 . o f  s o lv e n t  o n ly  a middle cut  
of  1 . 8  j l  was d i s t i l l e d  w i t h  p a r t i a l  r e f 1ux.
Glassware was cleaned u l t r a s o n i c a l 1y (20  m in . )  in an u l t r a s o n i c  tank  
(Dawe Inst ruments  L t d . ,  type I I 65 / H 6OX; f requency  25 -83  kcs; 150 w a t t s )  
thorough ly  r in sed  w i t h  d i s t i l l e d  w a t e r ,  s tored  in closed dust  f r e e  j a r s ,  
and r in s ed  w i t h  s o lv e n t  b e fo re  use. The d e te r g e n t  used f o r  c le a n in g  
glassware was R .B .S .2 6  (Medical  Pharmaceut ical  Developments L t d . ) .
S o lvents  were evaporated  in a r o t a r y  eva p o ra to r  (Buchi )  under w a t e r -  
pump vacuum or  in a vacuum oven (Thomson and Mercer L t d . ,  Croydon) under  
water-pump vacuum v/hen the q u a n t i t y  o f  so lv e n t  was s m a l l .
PROCEDURE
The sample o f  Green R iv e r  sh a le  used in t h i s  work was k i n d l y  donated  
by Dr.  W.E.  Robinson, U.S.  Bureau o f  Mines,  L aram ie ,  Wyoming, U .S .A .
P r e l im i n a r y  Treatment
The o u t e r  su r face  o f  the rock was removed and d iscarded  in o rd er  to  
minimise co n tam ina t io n  and o n ly  fragments having f r e s h l y  exposed sur faces  
were used.  The fragments were broken up on a c lean  metal su r fac e  in to  
smal ler  f ragments  1 -  l i  inches in d iam eter  w i t h  a hammer, the  head o f  
which was covered w i t h  severa l  la y e r s  o f  a luminium f o i l .  The r e s u l t i n g  
chips o f  rock were c a r e f u l l y  washed 3 t imes (5  min. each t ime)  by 
so n ica t io n  in benzene/methanol  ( l . l )  using a t i t a n i u m  probe  
(Dawe Ins t rum ents  L t d . ,  Model S75) •
The d r i e d  chips were then powdered in a cleaned r o t a r y  hammer m i l l  
(Glen C res to n ,  S t a r  Beates M i l l ) .  In o rd e r  to  again minimise co n ta m in a t io n ,  
the hammer m i l l  was m o d i f ie d  to  accommodate lead  gaskets r a t h e r  than the  
standard rubber  gaskets .
F in a l  powdering was e f f e c t e d  in a c lean  v i b r a t o r y  d is c  m i l l  
(Tema M ach in ery  L t d . ,  Banbury ) ,  the m i l l i n g  o p e r a t i o n  l a s t i n g  15 minutes .
The moveable p a r t s  o f  both m i l l s  in co n tac t  w i t h  the  rock were cleaned  
by tank s o n i c a t io n  in d e t e r g e n t  ( R . B . S . 2 6 ,  Medical  Pharmaceut ica l  Developments 
L t d . , ) ,  r in s e d  th o rou g h ly  w i t h  d i s t i l l e d  w a t e r ,  washed w i t h  d i s t i l l e d  acetone  
and f i n a l l y  w i t h  ch o l ro fo rm .  I t  was found t h a t ,  a f t e r  p u l v e r i s a t i o n  w i t h  
the hammer m i l l ,  ap p ro x im a te ly  70% o f  the  r e s u l t i n g  powdered rock passed 
through a 200 mesh s ie v e .  A f t e r  the d is c  m i l l  o p e r a t io n  100% o f  the  
powdered rock passed 200 mesh. The m i l l i n g  t ime f o r  the d is c  m i l l  was 
kept below 15 min.  to  p re ven t  a s u b s t a n t i a l  tem perature  r i s e  ( / V 6 0 ° C ) .
E x t r a c t io n  o f  Organ ic  M a t t e r
U l t r a s o n i c  e x t r a c t i o n  was used to  l i b e r a t e  the o rg a n ic  m a t t e r  f rom the
powdered s h a le  s in ce  i t  is known to  be a r a p id ,  e f f e c t i v e  and convenient
118method f o r  removing s o lu b l e  o r g a n ic  m a t t e r  from sediments . The powdered 
rock (l00g) was p laced  in a glass  c e n t r i f u g e  b o t t l e  ( 2 5 0 m l . )  w i t h  100 ml.  o f  
solvent  ( 3 : 1 ,  ben zen e /m eth an o l ) .  The b o t t l e  was then a d ju s te d  in the
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u l t r a s o n i c  tank  (Dawe Inst ruments  L t d . ,  type I I 6 5 / H 6OX; frequency  2 5 . 8 3  kcs;  
coupled to  a 300/150  w a t t  Son ic lean  g en era to r )  such t h a t  the s o lv e n t  was at  
the same l e v e l  as the w a te r  in the tank .  Th is  was found to g iv e  the most 
e f f i c i e n t  e x t r a c t i o n .  S o n ic a t io n  was a l lowed to  proceed f o r  30 min. The 
r e s u l t i n g  suspension was c e n t r i f u g e d  a t  2 , 5 0 0  r .p .m .  f o r  30 min. and the  
c l e a r  s o lv e n t  l a y e r  removed by p i p e t t e .  The e x t r a c t i o n  was repeated  
seven t im e s ,  f r e s h  s o lv e n t  being added on each occas ion .  The bulked  
s o lu t  ion (70 0  m i s . )  was evapora ted  under reduced p re ssu re ,  (Buch i)  to  
produce the t o t a l  o rg a n ic  e x t r a c t  as a dark brown gum. ( 2 . 2 0 5 6  g. : 2 . 2%).
Column C h rom atog raphy  o f  th e  T o t a l  O r g a n i c  E x t r a c t
An a l i q u o t  ( 2 .1 5 g )  o f  the t o t a l  o rg a n ic  e x t r a c t ,  comprising the  
n-hexane s o lu b le  and suspended m a t e r i a l  was chromatographed on alumina  
(150 g V/oelm Grade I n e u t r a l  a lu m ina ,  a c t i v a t e d  f o r  one hour a t  110°C and
prewashed w i t h  n -h e x a n e ) .  A t e f l o n  stopcock was f i t t e d  to  the g lass  
column t o  enable  an e f f i c i e n t  seal to  be formed w i t h o u t  the use o f  
contaminat ing  grease .  The column was e l u t e d  w i t h  n-hexane ( 85 0  m l . ) ,
10 ml.  f r a c t i o n s  being c o l l e c t e d  by an au tom at ic  f r a c t i o n  c o l l e c t o r  
(The C entra l  I g n i t i o n  C o . ,  London, Cat .  No. 150 ) -  E l u t i o n  was cont inued  
w ith  benzene ( 600  m i s . ) ,  c h lo ro fo rm  (150  m i s . ) ,  e t h e r  (200  m i s . ) ,  e th y l  
a c e t a t e  (200  m i s . )  and f i n a l l y  methanol (250  m i s . ) .
The hexane el uate was monitored by t . l . c .  Of th e  85 hexane f r a c t i o n s ,  
nos. 11 to  20 were shown to  c o n ta in  most o f  the alkanes  by comparison o f  
the Rf .  va lu es  to  t h a t  o f  a standard  hydrocarbon m ix t u r e .  ( n -  C2 2 , n -  C2 4 ) . 
The presence o f  al kenes was not  apparent  in t h i s  e l u a t e ,  consequent ly  a l l  
85 f r a c t i o n s  were bulked and the s o lv e n t  evapora ted  to  produce a t o t a l  hexane 
e l u a t e .  ( 0 . 2 2 2 8 g . ,  0 .22% by w e ig h t  o f  s h a l e ) .  The i . r .  spectrum ( f i l m )  had 
abso rp t ion  a t  2920 (_s, ^ C -  H ) , Ui60 (in, ^ C H , ^ ) ,  and 1378 cm" 1 (m, ^ CH3 ) . 
( i . r . l ) .
The benzene el uate was s i m i l a r l y  bulked and the s o lv e n t  evapora ted  to  
produce 0 . 1 0 1 5 g o f  a s t raw  co loured  o i l  (0 .10% by w e ight  o f  the s h a l e ) .  The 
i . r .  a b s o rp t io n  ( f i l m )  showed the presence o f  l a r g e  amounts o f  u n s a t u r a t io n  
ch a ra c te r  i sed by peaks a t  3100 -  302.0 (m, ^  C -  H ) , 1605 (w, C=C a r o m a t i c ) ,  
1510 (w, C=C a r o m a t i c ) ,  810 ( w ) , 730 ( w ) , 720 ( w ) , and 675 cm 1 ( m ) . ( i . r . 2 ) .
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The ab so rp t io n  suggested the presence o f  a ro m at ics ,  t r a n s ,  t r i - s u b s t i t u t e d  
and p o s s i b ly  v i n y l  double bonds. The u . v .  spectrum (202 ,  233 and 255 “ 307 irp) 
confirmed the presence o f  a romat ics and o l e f i n s ,  p o s s i b l y  conjugated to the 
aromat ic  r in g s .  ( u . v . 2 ) .
The ch io ro form  and e t h e r  e l u a t e s  were combined to g iv e  a t o t a l  e x t r a c t  
of 0 .3 7 0 3  g. (0 .3% by w e ig ht  o f  s h a l e ) .  The i . r .  spectrum had a bsorp t io n  
at  3400 -  3200  (w ) ,  1690 (m),  1600 ( w ) , 1040 -  1010 (m) and 720 cm-1 ( m ) ,
suggest ing  the presence o f  hydroxyl  and carbonyl f u n c t i o n s .  The u .v .  
spectrum, w i t h  in tense  ab so rp t io n  up to  400 rrvi, possessed maxima a t  2 7 0 ,
300 and 397  mp which suggested the presence o f  e t h e rs  and e s t e r s .
The e th y l  a c e t a t e  and methanol e lu a t e s  were s i m i l a r l y  combined and 
produced a t o t a l  o f  0 .2 3 9 2 g .  (0 .24% by w e ig h t  o f  the t o t a l  s h a l e ) .  The i . r .  
ab sorp t io n  showed the presence o f  hydroxyl  ( ^  3300  ci tH t m) and carbonyl
groups (1710 -  I 65O cm  ^ , s_). ( i . r .  3* > u . v .  3) *
P r e p a r a t i v e  t . 1 . c.
P r e p a r a t i v e  t . l . c .  on s i l i c a  impregnated w i t h  s i l v e r  n i t r a t e  ( 10% by w e ig h t )  
enabled f u r t h e r  f r a c t i o n a t i o n  o f  the hexane e l u a t e . From an a l i q u o t  o f
122 mg.,  f r a c t i o n  1 (85  mg.) was ob ta in ed  by t . l . c .  The Rf .  v a lu e  was
i d e n t i c a l  to  t h a t  o f  a standard s a t u r a t e d  hydrocarbon m ix tu re  ( 0 . 7 5 ) *  The 
remaining 37 mg. o f  the a l i q u o t  were e x t r a c t e d  and r e - p l a t e d  on a s i m i l a r  
p l a t e  but  w i t h  a benzene/n-hexane s o lv e n t  system (1 . 1 0 ) .  Two f u r t h e r  
f r a c t i o n s  were e x t r a c t e d  from t h i s : p l a t e ,  f r a c t i o n  2 (24  mg. R f . 0 . 7 3  ~ 0 . 4 4 )  
anc* f r a c t i o n  3 0  mg.,  Rf .  0 . 4 4  -  o r i g i n ) .  The gas chromatograms o f  f r a c t i o n s  
1 and 2 ( g . c .  3 & 4  r e s p e c t i v e l y )  show the presence o f  a complex m ix t u r e .
The i n f r a - r e d  spectrum o f  f r a c t i o n  2 ( f i l m ) ,  ( i . r . 4)  when compared to t h a t  
of the t o t a l  hexane e l u a t e ,  showed t h a t  the c o n c e n t r a t io n  o f  unsa tu ra ted  
m a te r ia l  had g r e a t l y  increased.  The i . r .  specturm showed ab so rp t io n  at  
3100 -  3000 ( m ) , 1610 (w ^ C=C a r o m a t i c ) ,  1510 ( w ) , 1500 (m^C=C a r o m a t ic ,
975 ( w ) , 880 ( w ) , 850 ( w ) , 815 £m) , 675 cm ] (m ) . The p .m . r . ,  spectrum,  
recorded on a P e r k in  Elmer R10^Mg/c spec trometer  w i t h  d e u te ro ch lo ro fo rm  
(CDCI^) s o lv e n t  and T .M .S .  as i n t e r n a l  s tandard ,  showed s ig n a l s  a t  2 . 9  -  3 *2 ^ ,  
7 - 7 ,  8 .7 5  and 9 . 1 5  the i n t e r p r e t a t i o n  o f  which appears above. The u .v .  
ab sorp t io n  conf irmed the aro matic  n a tu re  o f  t h i s  f r a c t i o n  (225 rrp, benzenoid  
a b s o rp t io n ;  275  mp, e l e c t r o n  t r a n s f e r  band) ,  ( u . v . 4 ) .
Because o f  the small amount o f  m a t e r ia l  a v a i l a b l e  ( ^ l m g . ) ,  f r a c t i o n  3 
was not  in v e s t i g a t e d .
The benzene e l u a t e  was s i m i l a r l y  f r a c t i o n a t e d  by p r e p a r a t i v e  t . l . c . ,  an 
i n i t i a l  sep ara t io n  using n-hexane as developer  a f f o r d i n g  13 .3  mg. o f  
a p p a re n t ly  no n -p o la r  (a lk a n e )  m a te r ia l  ( f r a c t i o n  A , Rf .  0 . 7 8 ,  g . c . 5 . )  The
i . r .  abs o rp t ion  (KC1 d is c )  and u . v .  absorp t ion  s p ec t ra  o f  t h i s  f r a c t i o n  
showed the presence o f  f u l l y  s a t u ra t e d  compounds possessing u n - s u b s t i t u t e d  
hydrocarbon chains ( i . r .  a b s o r p t io n ,  730 and 720 cm ^ , m, -  (CH2 ) n -  rock)
( i . r . 7 ) .  F u r t h e r  sep a r a t io n  o f  the res id ue  from the f i r s t  chromatopla te
was achieved by r e - p l a t i n g  w i t h  benzene /n-hexane ( 1 . 1 0 )  as d ev e lo p e r ,  to  
give f r a c t i o n  C (16 mgs. Rf .  0 . 0 )  and a less  p o l a r  f r a c t i o n  (61 m g s .) .  The 
l a t t e r  f r a c t i o n  was e x t r a c t e d  and f u r t h e r  separa ted  using benzene/n-hexane  
( 1 . 2 0 )  d e v e lo p e r ,  y i e l d i n g  f r a c t i o n s  D( 6 . 4  mg.,  Rf .  0 . 2  -  0 . 3 7 ) ,  JE ( 8 . 6  mg.,  
Rf. 0 . 3 7  " 0 . 6 ) ,  and a t h i r d ,  more p o l a r  f r a c t i o n  (4-9 m g . ) .  The l a t t e r  
f r a c t i o n  a f t e r  r e - p l a t i n g  w i t h  a benzene /n-hexane ( 1 . 1 0 )  s o lven t  system 
a f fo r d e d  f r a c t i o n s  F (20 m g . ) ,  £  (23 mg.) and H_ (/v I m g .) .
The i . r .  absorp t ion  spectrum o f  f r a c t i o n  C ( f i l m )  ( i . r . 8 ) had ab so rp t io n
a t  3050 (w C - H ) , 1710 ( w ) , 1600 (w, ^  C=C a r o m a t i c ) ,  1510 (w,^sC=C a r o m a t i c ) ,  
870 ( w ) , 810 (m ) , 672 (w) crvT^. The u . v .  spectrum showed ab so rp t io n  a t  
220,  255 ,  260 and 290 n*u ( u . v . 5 ) *  The i . r .  spectrum o f  f r a c t i o n  D 
(CCI^ s o l u t i o n )  suggested the presence o f  a lk a n e s ,  a conc lus ion  not in 
agreement w i t h  the R f .  v a l u e .  The i . r .  abso rp t io n  recorded on a t h i n  
f i l m  showed a s i m i l a r  p a t t e r n  except  f o r  ab so rp t io n  between 790 and 760  cm ^  
p o s s ib ly  due to  trapped CCI^. The u . v .  spectrum, w i t h  ab so rp t io n  a t  210 iqi 
confirmed the absence o f  a ro m a t ic s ,  but  suggested the presence o f  o l e f i n i c  
m a t e r i a l .  The i«,r. spectrum o f  f r a c t i o n  E (CCI^ s o l u t i o n )  had ab so rp t io n  
at  1730 (m,^ C=0, e s t e r ) ,  1610 ( w ) , 1290 ( m ) , 1120 ( w ) , 1075 ( w ) , 1040 ( w ) , 
950 ( w ) , and 862 (m)cnT1 . ( i . r . 9 ) .  The u . v .  spectrum, w i t h  ab so rp t io n  a t  
210 and 236 m|a, suggested the presence o f  con jugated  o l e f i n s ,  ( u . v . 6 ) .  The
u .v .  spectrum o f  the combined f r a c t i o n s  F , G S- H showed in tense  abs o rp t io n  
w ith  peaks a t  235 ,  260 and 378 n^i. ( u . v . 7 ) .  The i . r .  ab so rp t io n  o f  
f r a c t i o n  F ( f i l m )  occurred a t  3060 (w^ C - H ) , 1610 ( m ) , 1585  ( m ) , 1160 ( w ) ,
1095 ( m ) , 870 ( w ) , 810 (m ) , 775 (m ) , 720 ( w ) c n f 1 . The i . r .  spectrum o f  
f r a c t i o n  G ( f i l m )  showed ab so rp t io n  a t  3060 ( w ) , 1700 (m) and 1600 cm ( w ) ,
the remaining p a r t  being masked by contamin at in g  s i l i c o n e  o i l .  F r a c t i o n  H 
( f i l m )  showed i . r .  a bsorp t io n  a t  3070  -  3020 ( w ) , 1610 ( w ) , 1510 ( w ) .
810 (m) and 675 (w) • ( i . r .  10, 11,  & 12 r e s p e c t i v e l y ) .
Prepara t  ive g . l . c .
S ix t e e n  components o f  f r a c t i o n  1 were is o l a t e d  and c o l l e c t e d  by 
p r e p a r a t i v e  g . l . c .  employing a 20 '  x g" i . d .  s t a i n l e s s  s te e l  column packed 
w ith  3% S .E .  52 on Chromosorb W(100 -  120 mesh), ac id  washed and s i l a n i z e d .
The column tem pera ture  was programmed from 100° -  300°C a t  10° /m.m. w i t h  
a c a r r i e r  gas f lo w  (he l ium ) o f  60 m l /m in .  The s e le c te d  components are  
shown on c h a r t  g . c . 3 .  S u f f i c i e n t  o f  each component was c o l l e c t e d  f o r  
micro i . r .  s p e c t ra  by repeated  c o l l e c t i o n s  using the same c a p i l l a r y  f o r  
corresponding peaks in the chromatogram. ( ^ 4 0  pg r e q u i r e d ) .
The i . r .  absorp t io n  s p e c t ra  o f  the trapped f r a c t i o n s  were recorded on 
carbon t e t r a c h l o r i d e  s o lu t io n s  (/v 40 p g / 4 p l )  w i t h  a c e l l  path o f  0 . 5  m.m. 
(micro cel  1 ) .
G .C .M .S .  examin at ion  o f  the f r a c t i o n s  was made using the L .K .B .  9000 gas 
chromatograph -  mass spec t rom eter .  A 10'  x 3 m.m. i . d .  glass column 
packed -with 1% S .E .  30 on Gas Chrom P (100 -  120 mesh) ac id  washed and
s i l a n i z e d .  The c a r r i e r  gas,  he l ium, had a f lo w  r a t e  o f  30 ml /m in .  The
r e s u l t s  appear in Tab le  1 .
N in eteen  components o f  f r a c t i o n  2 ( g . c . 4 )  were i s o l a t e d  and c o l l e c t e d  
by p r e p a r a t i v e  g . l . c .  under co n d i t io n s  id e n t i c a l  to  the  above.  I n f r a - r e d  
spectra were recorded as CCI^ s o l u t io n s  w i t h  a c e l l  path o f  0 . 5  m.m. (micro  
c e l l ) .
An unsuccesful at tem pt  to record the u . v .  ab so rp t io n  spec t ra  o f  in d iv i d u a
components employed a u .v .  m i c r o - c e l l  ( R . I . I . C .  c a t .  No. u . v .  01 )  o f  c e l l  path
1 m.m.,  volume 20 p i .  S e lec te d  components were sub jec ted  to G.C„M.S.  
examinat ion and the r e s u l t s  t a b u l a t e d  in Tab le  2 .
F r a c t io n  A w&s examined by G.C.M.S.  d i r e c t l y  as the a n a l y t i c a l  g . l . c .  showed 
an u n u su a l ly  s imple m ix tu re  o f  o n ly  s i x  components, ( g . c . 5 ) .  Mass sp e c t r a l  
a n a lys is  a l lowed  the a s s ig n a t io n  o f  the s t r u c t u r e s  n -  C28  ^5 8 * n -  C25 H^q, 
n " ^30  H^2 » n -  C3 ] n -  C32 8 ^6 , n -  C33 H^g to  the s i x  components (T
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0SMYLAT10N AND DIOL FORMATION
The osmyla t io n  method employed was a scaled down vers io n  o f  one a p p l ie d  
96
to d i t e r p e n e s  . Consequently,  the osmyla t ion  o f  a d i t e r p e n e ,  iso -ka u re n e ,  
was c a r r i e d  out  in co n ju g a t io n  to  t h a t  o f  the o l e f i n i c  t r i t e r p e n e s , o t -1 upene,  
fernene and d i p lo p t e n e .
200  pg o f  the o l e f i n  W'ere d isso lv ed  in 7pl o f  anhydrous d i e t h y l  e t h e r  in 
a tapered 10 ml.  BIO f l a s k .  150 pg o f  osmium t e t r o x i d e  in 3pl • anhydrous 
e t h e r  were added. Excess e t h e r  was re q u i red  to  wash m a t e r ia l  from the sides  
of  the f l a s k .  The r e a c t io n  was a l lowed  to proceed o v e r n ig h t  a f t e r  which a 
dark p r e c i p i t a t e  was seen to have formed. The e t h e r  was then evapora ted  o f f  
and the res idue  d iss o lved  in benzene.  Hydrogen su lp h ide  was bubbled through,  
the r e s u l t i n g  s o l u t io n  f o r  ap p ro x im ate ly  1 min. to decompose the osmyate 
e s t e r  formed. The s o lu t io n  was then c e n t r i f u g e d  and the l i q u i d  phase 
( c o n t a in in g  the d i o l )  removed by p i p e t t e .  Approx im ate ly  150 pg o f  product  
was o b t a i n e d ,  (es t im a te d  by g . l . c .  peak a r e a s ) .
The most simple method o f  i d e n t i f i c a t i o n  o f  the product  was found to  be 
the G .C.M.S .  examin at ion  o f  the T . M . S i .  e t h e r .  The l a t t e r  was formed by adding  
N, N - b i s t r i m e t h y l  s ? 1 y 1 acetamide.  I t  was found impossible to o b t a in  a g . l . c .  
t r a c e  o f  the product  using a 1 0 ‘ x 1 / 1 6 " ,  3% S . E . 30 column. However, a 
6 ‘ x 3mm., 1% S . E . 30 column enabled a gas chromatogram to be recorded ,  p r i o r  
to G .C .M.S .  a n a l y s i s  employing an id e n t i c a l  column. A blank  osmyla t ion  
showed t h a t  no s i g n i f i c a n t  contam in a t in g  i m p u r i t i e s  had been included a t
any s ta g e .  Normal ised mass sp ec t ra  o f  the products are shown ( m . s . 14 -  20)  
and the r e s u l t s  are summarised in Tab le  A.
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QUANT 1 TATIVE SUBLIMATION OF CHOLESTANE
A sub l im at io n  b lock was machined from a block  o f  Dural a l l o y .  An 80 w a t t
c a r t r i d g e  h e a t e r ,  drawing power througha V a r ia c  magnet ic t r a n s f o rm e r ,  was
f i t t e d  as shown. The b lock  was machined to a l lo w  a lead from a vacuum pump
to connect  d i r e c t l y  (bore 0 . 2 5 ) w i t h  a c y l i n d r i c a l  chamber (bore 0 . 0 6 )  in to
which was placed a short  c a p i l l a r y  tube ( > v 30 m.m.) c o n ta in in g  the sample.
A p in -head  thermometer was in s e r te d  in an a p e r tu r e  (bore 0 . 1 7  -  — ) to one
0
side o f  the sample tube. The top su r face  o f  the b lock  was machined to  
accept an M0 " - r i n g  (bore 0 . 125 ) ,  co n c e n t r ic  w i t h  the c a p i l l a r y  tube,  on 
top o f  which was placed a g lass  microscope s l i d e  to ac t  as a condensat ion  
sur fa ce .
A q u a n t i t y  o f  cho lestane  in a short  c a p i l l a r y  tube was placed in the  
su b l im at ion  b lock  and the a p e r t u r e  covered w i t h  a microscope s l i d e .  The 
system was evacuated by an o i I - d i f f u s  ion pump to a pressure  o f  0 - 0 2 5  m.m. Hg 
and the pump then closed o f f .  The rh e o s ta t  c o n t r o l l i n g  the c a r t r i d g e  h ea te r  
was se t  to g iv e  a tempera ture o f ^ 200 °  and a f t e r  35 minutes the temperature  
was 210°C. R e ta in in g  the vacuum, co o l in g  was al lowed f o r  a f u r t h e r  15 minutes.
The q u a n t i t y  subl imed was determined by weighing or  by e s t im a t in g  the g . l . c .  
peak s i z e .  The m e l t in g  p o i n t  o f  the sublimed m a t e r ia l  was determined on a 
K o f l e r  h o t - s t a g e  in c o r p o ra t in g  a microscope (Len ingrad  United  O p t i c a l -  
Mechanical  E n t e r p r i s e s )  o f  m a g n i f i c a t io n  x 58.
The su b l im at io n  o f  an unsatura ted  t r i t e r p e n e ,  3-amyrene,  was a lso  c a r r i e d  ou t .
Sub l im at io n  R e t u r n s : -
(Cholestane)
I n i t i a l  Q u a n t i ty Sub l im at io n  Return
1 . 5  mgs. 38%
300  pg 66%
10 pg 70% *
* e s t i m a t e d  by g . l . c .  peak s ize s  ( g . c . 2 )
PERK I N - E L M E R  F 1 1 -  DEVELOPMENT
Heater  f o r  E f f l u e n t  Column
To reduce peak " T a i l i n g "  a t  h igher  m olecu la r  w e ig h ts ,  a h e a te r  was 
designed to p re ven t  p a r t i a l  condensat ion o f  the high m olecu la r  we ig ht  
m a te r ia l  in the two inches o f  f i x e d  column j o i n i n g  the end o f  the oven 
column to  the base o f  the d e t e c t o r .
F i r s t l y ,  the two inch column was in s u la te d  by a coat ing  o f  Asbestos  
paper.  A pp ro x im ate ly  two f e e t  o f  15% Vacrom w i r e  (0 .0 2 5  x 0 . 0 0 2 ,  
re s is t a n c e  35 ohms/yard)  was then wound over  the i n s u l a t i o n  and the  
t e r m in a ls  connected to e x t e r n a l  leads by hard s o ld e r in g  w i t h  t inned  
copper.  The power was su pp l ied  through a 12 v o l t  v a r i a b l e  t r a n s fo rm e r .
The g . l . c .  t r a c e s  (6  S- 7) show the red u ct io n  o f  peak " t a i l i n g "  
brought about by in c o r p o r a t io n  o f  the h e a t e r .  The p o s s i b i l i t y  o f  the  
temperature being too high and causing c rack in g  o f  compounds was 
in v e s t ig a t e d  by W. Henderson o f  t h i s  group. I t  was found t h a t  the  
heater  m ere ly  kept  the tem perature  lag o f  the e f f l u e n t  column behind  
the programmed oven tempera ture  to a minimum.
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Legend f o r  I n f r a -R e d  Spectr3
1 . r . l .
i » r . 2 . 
l  . r  • 3 « 
i . r . 4 . 
i . r . 5 .
l «r  > 6 . 
l  • r  • 7 .
l  • r  • 8 . 
i . r . 9 .
i  » r . ! 0 . 
l * r  • 11• 
i . r . 1 2 .
T o t a l  hexane e l u a t e ,  r e c o r d e d  as a t h i n  f i l m  on a P .E .2 57  
i n s t r u m e n t ;  f a s t  sc an ;  n o rm a l  s l i t .
T o t a l  benzene e l u a t e ,  c o n d i t i o n s  as i n  i . r . l .
E t h y l a c e t a t e / m e t h a n o l  e l u a t e ,  H 11 " u .
F r a c t i o n  2 , c o n d i t i o n s  as i n  i . r . l .
F r a c t i o n  2 Component i i i ;  c a .  4 0 ^  g i n  £ a .  4^j I C C I4 s o l u t i o n ;
0 ,5  m.m. c e l l  pa th  (beam c o n d e n s e r ) ;  c o n d i t i o n s  o t h e r w i s e  same 
as i . r . l .
F r a c t i o n  2 Component x v i i ;  c o n d i t i o n s  as i n  i . r . 5 .
F r a c t i o n  A, r e c o r d e d  as a KC1 d i s c ,  c o n d i t i o n s  o t h e r w i s e  same
as i . r . l .
F r a c t i o n  C, c o n d i t i o n s  as i n  i . r . l .
F r a c t i o n  E, "  M " "
F r a c t i o n  F, " "  " "
F r a c t i o n  G, » m u  n
F r a c t i o n  H, "  11 " "
microns
4 . 0 5 . 0
i.r.l
4*000
3 .5 0 0  3 , 0 0 0  2 , 5 0 0  2 , 0 0 0  1 ,8 0 0  1 ,6 0 0  i . 4 0 0 '  i . a o o  1 , 0 0 0
wavenumber cm- 1
8 0 0  625
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Legend f o r  U l t r a - V i o l e t  Spect ra
u . v . l . -  Unicam SP80G, s l i t  w i d t h  0 .002  m.m. ,  f a s t  scan,  10 m.m. c e l l
p a t h ,  A/ 0 .5 m g / c e l l .
u . v .2 . C o n d i t i o n s as f o r  1 •
u . v . 3 . 11 it it n b u t 0 .1 2  m g / c e l l .
u . v . 4 . _ it ii n ii b u t 1 m.m. c e l l  p a th
u . v . 5 . _ ii n it •• b u t 0 .9 5  m g / c e l l . .
u . v . 6 . " ii ii n b u t 8 .6  m g / c e l l .
u . v . 7 . " it n ii b u t 0 .06 2  m g / c e l l .
u . v . 8 . ii it ii •
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Legend f o r  Gas-Chromatograms
Column 6 ’ x 4”  o . d .  f i t t e d  t o  a P.E.F11 Dua l  Column; 1% S .E .3 0  
on Gas-Chrom P, 100 -  120 mesh; N2 c a r r i e r  gas a t  20 p . s . i . ;  
t e m p e r a t u r e  programmed f ro m  100 -  280° a t  5 ° / m i n ;  sample s i z e  
1 j x 1 o f  a s o l u t i o n  i n  d i e t h y l  e t h e r ;  a t t e n u a t i o n  5 x 10^ ;  
c h a r t  speed medium ( 2 3 . 6 " / h r . )
A = I s o p h y l l o c l a d e n e , B = P h y l l o c l a d e n e , C = I s o k a u r e n e ,
D = Kaurene .
Column 10 '  x 1 /1 6 "  f i t t e d  t o  a P .E .F 1 1 ;  3% S .E .3 0  on Gas- 
Chrom P, 100 -  120 mesh; N2 c a r r i e r  gas a t  30 p . s . i . ;  te m pe ra tu re  
i s o t h e r m a l  2 50° ;  sample s i z e  0 , 2 ^ 1  o f  a s o l u t i o n  i n  n -h ex ane ;  




Legend f o r  Gas-Chromatograms
q . c . 3 . -  Column 2 0 '  x f i t t e d  t o ' A e r o g r a p h  A 90 P3; 3^ S .E .5 2  on
Gas-Chrorn P, 80 -  100 mesh; N2 c a r r i e r  gas a t  60 m l / m i n ;  
t e m p e r a t u r e  programmed f r om  100 -  300° a t  1 0 ° / m i n . ;  sample 
s i z e  IO^jl 1 o f  a s o l u t i o n  i n  n -h e x a n e ;  a t t e n u a t i o n  x 4;  
c h a r t  speed medium ( 2 3 . 6 " / h r . )














Legend f o r  Gas-Chromatograms
q . c . 5 . -  Column 1 0 '  x 3 m . m . i . d .  f i ' t t e d  t o  L . K . B .  9000;  3% 0 . V .1
on Gas-Chrom Q, 100 -  120 mesh; He c a r r i e r  gas a t  30 m l / m i n . ;  
t e m p e r a t u r e  programmed f r om  100 -  2.50° a t  6 ° / m i n . ;  sample s i z e  
0 . 3 ^ 1  o f  a s o l u t i o n  i n  n -h e x a n e ;  s e n s i t i v i t y  x 2000 .
q . c . 6  & 7 Column 10* x ^ / 1 6 "  f i t t e d  t o  a P .E .F 11 ;  3% S .E .3 0  on Gas-Chrom 
P, 100 -  120 mesh; ^  c a r r i e r  gas a t  30 p . s . i . ;  t e m p e r a t u r e  
programmed f ro m  100 -  250° a t  5 ° / m i n ;  sample s i z e  0 , 2 j x l  o f  a 
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